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tained  from  one  source^  as  in  so  doing  the  statistics  relating  to  em- 
ployees would  be  on  the  same  basis  for  aU  the  States.  The  bureau 
has,  therefore;  used  the  number  of  employees  as  reported  by  the 
United  States  Geological  Survey  since  1889  (except  1909  and  1911). 
As  the  figures  have  been  collected  by  one  bureau,  they  are  on  a  uni- 
form basis  and,  furthermore,  they  are  for  calendar  years  and  do  not 
include  coke-oven  employees.  For  comparative  purposes  the  number 
thus  reported  employed  will  be  much  better  than  one  based  on 
reports  from  25  or  30  sources  and  for  varying  fiscal  years. 

The  number  of  employees  in  the  coal-mining  industry  for  the  year 
1909  was  compiled  by  the  mining  division  of  the  Bureau  of  the  Census 
and  was  published  by  the  United  States  Greological  Survey  in  1910,  as 
666,552.  In  1912  State  figures  for  1909  were  compiled  by  the  same 
bureau  and  pubhshed  by  the  Bureau  of  Mines  in  Technical  Paper  48,^ 
in  Bulletin  69;^  and  in  each  of  the  monthly  statements  of  coal-mine 
f atahties  to  date.  These  pubhcations  have  had  wide  circxilation  and 
have  been  used  by  many  mining  companies,  State  officials,  and  insur- 
ance organizations,  and  for  this  reason  the  figures  showing  coal-mine 
employees  in  1909  as  previously  published  by  the  bureau  have  been 
used  in  this  bulletin. 

The  final  census  figures  for  1909,  published  in  1913,  show  the 
number  of  employees  on  December  15, 1909,  as  743,293.  That  figure, 
however,  includes  a  certain  number  of  coking  establishments  and, 
furthermore,  as  the  coal-mining  industry  employs  the  largest  number 
of  men'  at  that  season  of  the  year,  the  nimiber  reported  on  that  date  is 
too  high  to  represent  a  fair  average. 

The  census  report  for  1909,  page  196,  also  gives  the  number  of 
employees  on  the  15th  day  of  each  month  during  the  year,  the  aver- 
age of  which  is  681,090.  The  same  report  also  gives  the  number  of 
men  employed  on  the  15th  of  each  month  during  the  year  by  States, 
the  average  of  which  is  680,872,  as  compared  with  666,552,  published 
by  the  United  States  Geological  Survey  and  the  Bureau  of  Mines. 
Tliese  two  census  figures,  although  agreeing  closely,  seemingly  include 
certain  coke  workers.  Taking  everything  into  consideration,  it  is 
beUeved  that  the  Bureau  of  Mnes  is  justified  in  adhering  to  its  first 
published  figures  (666,552),  although  this  fails  to  check  with  the  final 
census  figures  by  about  2  per  cent. 

For  the  year  1911  the  bureau  collected  accident  statistics  and  at 
the  same  time  obtained  direct  from  the  operators  the  number  of 
men  employed,  both  on  surface  and  underground.  The  number  of 
employees  thus  obtained  has  been  used  throughout  this  bulletin. 

UNBiaiGROUNB  AND  SUEFACE  EBIPLOTEES. 

Complete  statistics  showing  separately  the  total  xmderground 
employees,  as  well  as  surface  employees  at  coal  mines  are  not  avail- 

a  Hortoa,  F.  W.,  Coal-mine  aoddents  In  the  United  States,  1896-1912,  with  monthly  statistics  for  1013, 
1913, 74  pp. 
6  Horton,  F.  W.,  Coal-mlno  accidents  in  the  United  States  and  in  foreign  countries,  1913, 102  pp. 
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able.  The  number  employed  since  1889,  as  reported  by  the  Geologi- 
cal Survey,  is  combined  as  one  item,  but  coke-oven  employees  are  not 
included.  As  there  are  no  separate  data  for  these  two  classes  of 
employees.  Table  6  has  been  prepared,  the  underground  and  surface 
employees  being  calculated  on  the  basis  of  the  1911  returns  to  the 
Bureau  of  Mines.  In  this  year  122,513  surface  employees  were 
reported  at  coal  mines  (exclusive  of  coke  workers)  or  16.82  per  cent 
of  the  total.  The  total  number  employed  each  year  since  1895  has 
been  separated  on  the  above  basis,  with  underground  and  surface 
fatality  rates  calculated  independently.  The  20-year  period  chosen 
is  considered  sufficiently  long  to  be  thoroughly  representative  and 
thus  to  throw  a  little  more  light  on  the  real  undergroimd  hazard.  For 
example,  the  fatality  rate  in  1913,  based  on  all  employees,  was  3.725 
per  1,000,  whereas  tiie  undergroimd  rate  was  4.218,  or  13  per  cent 
higher  than  the  combined  rate.  The  surface  rate  for  the  same  year 
was  1.283.    Similar  comparisons  with  other  years  may  be  made. 

COAL-MDfE  FATAUTEBS  IN  THE  UNITED  STATES,  18S9-1S14. 

Table  1  shows  by  calendar  years  the  total  number  of  fatalities 
recorded  for  the  coal-mining  industry  of  the  United  States  as  com- 
piled from  the  State  mine  inspectors'  reports,  and  from  other  authentic 
sources.  This  table  shows  that  since  1839  to  the  end  of  1914,  53,078 
men  have  been  killed  in  and  about  the  coal  mines  in  the  United 
States.  This  number,  however,  is  not  complete,  as  mining  was  carried 
on  in  aU  of  the  coal-mining  States  severed  years  prior  to  inspection 
service,  and  as  the  number  of  fataUties  that  occurred  in  the  early 
period  of  the  industry  has  not  been  recorded,  except  for  a  few  of  the 
larger  disasters  in  which  5  or  more  men  were  killed. 

The  49,733  fatalities  given  in  Table  2  represent  those  occurring  in 
89.46  per  cent  of  the  industry  as  based  on  the  tonnage  from  1807  to 
the  end  of  1913.  The  fatahty  rate  per  miUion  tons  mined  during  the 
10  years  from  1870  to  1879  was  8.70.  If  this  figure  be  taken  as 
representative  of  the  early  stages  of  the  industry  and  appUed  to  the 
remaining  10.54  per  cent  of  the  production  from  1807  to  and  includ- 
ing 1909,  not  represented  by  accident  statistics,  an  estimated  9,000 
fatalities  should  be  added  to  the  49,733,  making  the  total  to  the  end 
of  1913  as  58,733.  *The  total  fataUties  to  the  end  of  1914  are,  there- 
fore, 61,187,  of  which  number  53,078  are  accoimted  for  in  Table  1. 

The  total  number  of  fatalities  shown  in  Table  1  does  not  necessarily 
agree  with  the  totals  shown  in  Tables  2, 3,  and  4,  because  in  the  latter 
tables  only  those  fatalities  have  been  included  for  which  the  corre- 
'  sponding  number  of  men  employed  was  obtainable.  In  Table  1  the 
figures  covering  1888  to  the  end  of  1914  do  check  with  the  above 
tables.  Prior  to  1888  the  table  covers  a  number  of  mine  disasters  in 
States  in  which  the  number  of  men  employed  was  not  obtainable. 
In  the  subsequent  discussion  of  mine  accidents  Table  1  is  ignored 
and  the  lessons  to  be  drawn  are  based  on  Tables  2,  3,  and  4,  which 
contain  complete  comparable  data  for  49,733  fatalities. 
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TiBu  7.-^ve:kaoe  production,  nuubkb  op  ken  ehploybd,  number  of  fa- 

TALITIES  AND  KATES,  AND  DAYS  WORKED  IN  THE  COAL  yiNEBIN  THE  UNITED 
8TATKB,  BY  STATES,  FOR  PERIODS  DURING  WHICH  CONTINUOUS  RECORDS  ARE 

AVAILABLE. 


■  Figures  for  the  totaJ  production  of  coal  in  the  United  States  from 
1807  to  the  end  of  1914,  and  the  total  numher  of  men  employed  in 
the  industry  since  1889  are  given  In  Table  2  and  are  plotted  in  figm-e  1, 
The  table  and  the  figure  show  the  total  number  of  men  killed  in  and 
about  the  coal  mines  in  the  United  States  for  which  complete  records 
are  available.  It  will  be  noted  that  in  1870  the  percentage  of  the 
industry  covered  by  the  mine-inspection  service  (fig.  2),  based  on  the 
production,  was  47.42  with  35,600  men  employed.  The  figures  for 
the  total  number  of  men  employed  are  not  available.  In  1871  the 
percentage  of  the  industry  represented  by  the  production  was  41.25 
with  37,488  men  employed.  The  figures  for  the  first  four  years,  1870 
to  1873,  include  only  the  anthracite  mines  of  Pennsylvania.  From 
1874  on,  a  number  of  other  States  adopted  inspection  service,  so  that 
by  the  dose  of  1888,  87.29  per  cent  of  the  production  was  from  States 
having  inspection  and  representing  285,517  men.  The  first  com- 
plete record  of  the  number  of  men  employed  in  all  of  the  coal-mimng 
States  was  in  1889,  when  311,717  men  were  employed.  Of  thia 
number,  283,198,  or  90.85  per  cent,  were  employed  under  the  inspec- 
tion seiTice.    The  percentage  of  the  production  represented  by  in- 
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spection  States  for  the  same  year  was  90.54.  From  1889  to  date  the 
percentage  of  production  and  the  number  of  men  employed  under 
inspection  service  agree  with  each  other  within  less  than  1  per  cent. 
Beginning  with  1910  complete  figures  are  available  for  all  of  the 
States,  thus  representing  100  per  cent  of  the  industry.  Beginning 
with  1870,  the  fatality  rate  per  miUion  tons  mined  was  13.47  (see 
fig.  2).  This  has  been  gradually  reduced  until  in  1914  it  was  4.78. 
The  average  amount  of  coal  produced  per  man  per  year  in  1870  was 
440  tons,  whereas  in  1913  it  was  762  tons,  and  in  1914,  673  tons. 
Although  the  figure  for  tons  per  man  per  year  was  less  in  1914  than 
in  1913,  the  figure  for  tons  mined  per  day  per  man  was  3.25  in  1914 
as  compared  with  3.20  in  1913. 

Table  2A  shows  the  number  of  men  employed  in  and  about  the 
coal  mines  by  States  and  calendar  years  from  1889  to  1914  inclusive. 
Table  3  shows  the  total  number  of  fatalities  in  the  inspection  States, 
for  which  reports  were  issued,  by  calendar  years  and  causes,  from 
1870  to  the  end  of  1914.  This  table  is  a  summary  of  the  State  tables 
presented  in  Part  11  of  this  bulletin,  as  compiled  from  the  State  mine 
inspectors'  reports. 

Table  4  shows  coal-mine  fataUties  by  principal  causes,  the  total 
niunber  of  fatalities,  the  percentage  of  the  grand  total,  and  the 
number  killed  per  1,000  employed  (see  fig.  3)  for  a  period  of  44  years, 
from  1870  to  and  including  1913.  During  this  period  23,260  men 
were  killed  by  falls  of  roof  and  pillar  coal.  The  fatalities  due  to 
faDs  of  roof  and  pillar  coal  in  1870  were  1.60  per  1,000  men  employed, 
while  in  1913  it  was  1.69.  There  seems  to  be  but  Uttle  variation  from 
these  figures  throughout  the  44-year  period,  the  average  being  1.554. 
Fatalities  due  to  mine  cars  and  locomotives  (fig.  3)  in  the  earlier 
years  of  inspection  service  show  a  slight  decrease  to  about  the  year 
1885.  In  1885  the  percentage  of  fatalities  due  to  mine  cars  and 
locomotives  was  8.01,  or  0.206  per  1,000  men  employed.  Both  the 
percentage  and  the  rate  per  1,000  men  employed  have  increased 
until  in  1913  the  total  percentage  was  15.22,  while  the  number 
killed  per  1,000  employed  was  0.567. 

With  reference  to  gas  and  dust  explosions  (fig.  3)  both  the  per- 
centage of  the  fatalities  and  the  rate  per  1,000  men  employed  are 
erratic.  The  lowest  figure  was  in  1887,  when  4.36  per  cent  of  the 
total  number  of  fataUties  was  due  to  gas  and  dust  explosions,  or 
practically  one  fataUty  per  10,000  men  employed.  This  rate  has 
increased  in  an  irregular  manner,  reaching  the  highest  point  in  1907, 
when  the  total  percentage  of  fataUties  due  to  this  cause  was  29.49, 
or  1.417  fataUties  per  1,000  men  employed.  Since  1907  there  has 
been  some  reduction  in  both  percentage  and  the  rate  per  1,000  men 
employed,  but  this  is  irregular  and  in  all  cases  higher  than  it  should  be. 
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AccideoitB  due  to  explosives  abo  show  a  decrease  from  the  begin- 
ning of  inspection  to  about  1887.  From  1887  to  1903  there  was  an 
increase,  and  from  1903  to  date  the  rate  has  gradually  declined. 

The  fat-alities  due  to  shaft  accidents  (fig.  3)  are  gradually  decreas- 
ingy  the  rate  per  1,000  men  employed  in  1870  being  0.758,  while  in 
1913  it  was  0.083. 

Table  5  contains  the  same  grouping  by  causes  as  does  Table  4. 
It,  however,  shows  fatality  rates  by  States  for  continuous  periods 
for  which  records  have  been  published.  It  contains  1,279  less 
fatalities  than  Table  4,  by  reason  of  the  fact  that  intermittent  records 
prior  to  the  period  of  continuous  records  have  been  omitted.  (See 
Pis.  I  and  n.) 

REDUCTION  IN  FATAUTT  BATES  AND  THE   GBOVnTH   OF 

BONE-INSPECTION  SEBTICE  COHFAEED. 

The  relation  between  mine-inspection  service  and  the  fatality  rates 
at  coal  mines  from  1870  to  date  is  shown  in  figure  2.  The  upper  curve 
represents  the  actual  percentage  of  coal  produced  under  inspection 
service  to  the  close  of  1909.  From  1910  to  1914  the  Bureau  of  Mines 
has  received  accident  reports  direct  from  the  operators  in  those 
States  wherein  there  is  no  mine  inspection.  These  States  are  CaU- 
fomia,  Georgia,  Idaho,  North  Carolina,  and  Oregon.  The  coal  pro- 
duced in  the  noninspection  States  is  less  than  0.1  per  cent  of  the  total 
so  that  the  curve  from  1910  to  1914  may  be  accepted  as  representing 
the  inspection  service. 

In  1869,  179  men  were  killed  in  a  mine  fire  at  Avondale,  Pa.  The 
foUowing  year  a  law  provided  for  systematic  inspection  of  the 
anthracite  mines.  Pennsylvania  was  therefore  the  first  State  to 
establidx  a  mine-inspection  system.  From  1870  to  1873  the  curve 
shown  represents  the  anthracite  fields  only.  The  fatality  rate  in 
1870  in  the  anthracite  mines  was  6.93  per  1,000  men  employed, 
whereas  the  number  of  fatalities  per  million  tons  mined  was  13.47. 
Corresponding  figures  for  1914  for  the  Pennsylvania  anthracite  field 
are  3.31  fatalities  per  1,000  men  employed,  and  6.55  fatalities  per 
miUion  tons  mined.  There  are  no  records  to  show  what  the  fatality 
rate  in  anthracite  mines  was  for  years  previous  to  1870.  It  was, 
however,  high  in  1869,  on  accoimt  of  the  Avondale  disaster.  The 
year  1870  was  apparently  normal  as  shown  by  the  actual  number  of 
men  Idlled  in  the  anthracite  field  during  the  next  few  years,  so  that 
the  number  of  fatalities  in  1869  must  have  been  more  than  350,  with 
not  to  exceed  35,000  men  employed. 

The  next  State  to  appoint  a  mine  inspector  was  Ohio,  in  1874,  and 
the  first  complete  inspection  year  for  the  Pennsylvania  bituminous 
mines  was  in  1878,  so  that  after  1874  other  States  have  been  added 
to  the  inspection  Ust. 


26        COAL-MINE  FATAUTIES  IN  THE  XJinTED  STATES,  1870-1014. 

Tables  8  to  39  show  by  years  the  number  of  inspection  States  for 
which  complete  records  have  been  obtained,  and  it  is  upon  these 
tables  that  the  totals  shown  in  Table  2  and  the  curves  in  figure  2 
have  been  based. 

During  the  first  10  years  (fig.  2)  of  mine  inspection  the  fatality  rate 
per  1,000  men  employed  and  the  number  of  fatalities  per  million 
tons  of  coal  mined  declined  rapidly.  From  1880  to  1897  the  fatality 
rate  per  1,000  men  employed  remained  practically  stationary,  while 
the  number  of  fatalities  per  million  tons  mined  showed  a  very  slight 
reduction.  From  1897  to  1907  the  number  killed  per  1,000  em- 
ployed increased  considerably,  reaching  the  highest  point  in  1907. 
Since  that  year  there  has  been  a  marked  decline. 

The  increase  in  the  fatality  rate  from  1897  to  1907  is  not  necessarily 
due  to  less  efficient  mine  inspection.  The  conditions  imder  which 
mines  were  operated  were  changing.  The  mines  were  growing  deeper ; 
there  were  more  old  abandoned  workings  for  accumidation  of  gas  and 
dust;  and  more  men  were  employed  in  the  individual  mines  than  in 
former  years;  so  that  in  case  of  a  gas  or  dust  explosion,  the  likelihood 
of  trapping  more  men  was  greater  by  reason  of  a  larger  number  of 
men  being  employed.  During  this  period  there  was  an  influx  of  for- 
eign laborers,  many  of  whom  came  from  the  agricidtural  districts  of 
southeastern  Europe.  They  had  no  experience  in  mining,  did  not 
know  the  English  language,  and  hence  were  not  capable  of  imder- 
standing  and  carrying  out  orders  that  were  made  in  a  tongue  foreign 
to  them.  Although  the  inspection  service  has  been  increasing  in 
efficiency  from  year  to  year,  the  various  hazards,  for  the  reasons 
mentioned,  are  also  increasing. 

The  increasing  fatality  rate  due  to  mine  disasters,  from  1897  and 
culminating  with  1907,  has  been  the  means  of  the  passage  of  more 
stringent  laws  concerning  the  operation  of  coal  mines.  Every  disas- 
ter is  thoroughly  investigated  by  State  and  Federal  authorities,  as 
well  as  by  the  local  engineers  of  the  operating  company,  to  determine 
the  exact  cause,  so  that  similar  disasters  may  be  prevented  in  the 
future.  States  are  establishing  rescue  and  first-aid  stations,  and 
nearly  every  large  mining  company  has  its  safety  engineer  and  safety- 
first  committees  with  the  necessary  rescue  and  first-aid  eqxdpment. 
An  educational  campaign  on  mine-accident  prevention  has  been  con- 
ducted since  1907  with  the  residt  that  there  is  much  closer  cooperation 
of  miner,  foreman,  operator,  and  inspector  than  in  former  years. 
Permissible  explosives  and  improved  types  of  safety  lamps  have  been 
introduced  into  many  of  the  mines.  Explosibility  of  coal  dust  has 
been  studied  and  precautions  adopted  to  render  the  dust  inert.  The 
work  of  these  various  agencies  has  residted  in  a  gradual  decline  in 
the  fatality  rate  from  1907  to  1914. 
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GOAL-MDnS    FATALITIES,    BY    TEAMS    AND    CAUSES,    IVOM    THE 
BEGINNING  OF  INSPECTION  IN  1870  TO  1»14. 

Tables  8  to  39,  inclusive,  show  by  causes  and  calendar  years  all 
of  the  fatalities  occurring  in  and  about  the  coal  mines  in  the  United 
States  by  combining  those  States  for  which  there  are  complete 
iDspection  records.  In  the  compilation  of  these  tables  aU  fatalities 
have  been  omitted  for  which  the  corresponding  number  of  employees 
was  not  given.  Thus  one  State  may  appear  ia  a  certain  year  and 
not  in  another  simply  because  the  records  were  incomplete.  With 
refer^ice  to  fatalities  from  1870  to  1873,  inclusive,  which  are  repre- 
sented only  by  the  anthracite  mines  of  Pennsylvania,  the  reader  is 
r^erred  to  Table  125  under  that  State.  The  percentage  of  the 
industry  covered  by  these  tables,  the  number  of  men  employed, 
and  the  fatality  rate  per  1,000  men  employed,  and  per  million  tons 
of  coal  mined  are  shown  in  Table  2 

14355'— -BuU.  115—16 8 
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60        OOAL-MnSTE  FATAUTIES  IN  THE  UIHTED  STATES,  18*70-1914. 
CUSTOMABT  BASIS  FOB  COMPUTING  FATAUTT  BATBS. 

The  customary  basis  for  computing  fatality  rates  is  on  the  number 
of  men  employed  in  the  industry.  This  basis  is  faulty  to  the  extent 
that  under  existing  conditions  it  is  not  possible  to  obtain  the  exact 
number  of  men  at  work,  for  the  reason  that  all  of  the  men  do  not  work 
throughout  the  year.  There  are  always  a  nimiber  of  men  who  work 
a  few  days  at  one  property  and  either  quit  or  are  discharged  and  go 
to  other  mines.  The  actual  nimiber  of  men  on  the  pay  roll  is,  there- 
fore, much  higher  than  the  number  of  men  really  at  work  in  the 
mines,  and  unfortunately  it  is  the  former  figure  that  the  operators 
too  frequently  report.  It  is  also  imperfect  in  that  no  distinction  is 
made  concerning  the  number  of  working  hours  per  day.  In  some 
States  the  8-hour  day  prevails,  whereas  in  others  9  or  10  hours  con- 
stitute a  l^al  day. 

The  comparison  of  fatality  rates  on  a  percentage  basis  is  far  from 
being  correct.  For  example,  there  may  be  1,000  fatalities  due  to 
various  causes  in  a  certain  group  of  mines,  50  per  cent  of  which  may 
be  attributed  to  some  one  cause,  as  faUs  of  rock,  and  25  per  cent  to 
some  serious  gas  and  dust  explosion.  The  difficulty  with  the  per- 
centage basis  is  that  the  number  killed  in  a  large  disaster  enters  into 
the  total  number  of  men  killed  ini;hat  particular  group  of  mines. 
When  the  total  is  thus  abnormally  increased  the  effect  is  to  decrease 
the  percentage  rate  of  each  of  the  other  causes  to  balance  the  excess 
which  is  due  to  the  one  large  disaster.  In  the  assumed  case  above 
cited,  in  which  25  per  cent  of  the  fatalities  were  due  to  a  gas  and  dust 
explosion,  the  elimination  of  the  number  killed  (250)  in  this  partic- 
ular disaster  from  the  total  would  leave  only  750  fatalities,  and  the 
percentage  of  fatalities  due  to  falls  of  rock,  which  in  the  first  case 
was  50  per  cent,  would  be  increased  to  66}  per  cent,  although  the 
actual  number,  500,  killed  by  falls  of  rock  remains  the  same,  and  roof 
conditions  have  not  changed. 

The  tonnage  basis  for  comparison  is  also  open  to  some  criticism  in 
that  iniTiiTig  conditions  are  not  the  same  in  all  mines  or  States.  One 
mine  may  be  in  a  coal  bed  7  or  8  feet  thick,  and  another  mine  in  a 
bed  2  feet  6  inches  thick.  It  is  evident  that  a  miner  working  in  thick 
coal  can  produce  more  tons  per  year  than  a  miner  working  in  thin 
coal.  The  first  mine  would  show  a  lower  fatality  rate  on  the  tonnage 
basis,  although  in  each  mine  the  men  were  exposed  to  the  mining 
risk  the  same  number  of  days  per  year,  uidicating  that  the  thicker 
coal  bed  is- safer  than  the  thinner  bed.  As  a  matter  of  fact  the 
thinner  coal  bed  is  the  safer  of  the  two,  as  shown  by  the  low  f ataUty 
rate  in  Iowa  as  compared  with  the  rates  of  Illinois  and  Indiana 
and  some  other  States. 

For  certain  purposes,  each  method  has  its  champion,  and  in  order 
to  meet  the  requirements  of  all,  the  three  bases  have  been  used 
throughout  this  bulletin.    But  for  true  hazard  rates,  that  one  serves 
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best  which  takes  into  aocount  the  number  of  men  and  the  time  they 
are  engaged  in  a  hazardous  occupation.  This  necessitates  reducing 
all  labor  to  a  standard  year  of  a  certain  number  of  hours,  2,000  or 
3,000  as  the  case  may  be,  representing  a  definite  number  of  days 
(shifts)  of  8  or  10  hours  each.  The  ideal  method  would  be  for  the 
operators  to  report  the  actual  number  of  hours'  labor  for  which  wages 
were  paid  during  the  year.  This  figure  divided  by  2,000  would  give 
the  number  of  2,000-hour  employees;  that  is,  the  actual  number  of 
men  who  were  exposed  to  the  mining  hazard  the  full  2,000-hour 
period.  They  would,  therefore,  all  be  on  the  same  time  basis.  The 
total  number  of  hours  divided  by  3,000  woidd  place  the  employees  on 
a  300  (10-hour)  day  year,  but  inasmuch  as  coal  mines  are  operated 
less  than  2,000  hours  per  year,  the  shorter  year  is  more  nearly  in 
keeping  with  actual  conditions,  and  therefore  preferable.  Figures 
approximatiog  this  condition  are  given  in  Tables  40  and  41. 

Table  40.— FATALITY  RATES  BASED  ON  THE  NUMBER  OF  2,00O.HOUR  WORKERS  AS 
COMPARED  WITH  THE  RATE  BASED  ON  THE  NUMBER  OF  MEN  REPORTED  AS  EM* 
PLOYED,  1903-1913,  INCLUSIVE,  EXCEPT  1909. 

[See  Plate  UI.] 


State. 


■Alftbama, . 


C^londo. 
DlipoH... 
Xodiana.. 

Iowa 

XanwM 
Ke&tuc: 


Ugaa 


Missouri 

Mooteaa 

New  Mexko.... 
North  Dakota.. 

Ohio 

OUahoma. 

PemiSTivania 

(antniaclte).. 
Peozutylvania 

(bltmniiiotis) 


Utah.......... 

Virginia. 

Waahinxton... 
West  V&gliiia. 
Wyomlog 


I 


1 

1 


Total  aad 


225.5 
131.4 
217.2 
156.7 
148.7 
170.4 
156.4 
188.5 
242.8 
162.0 
153.9 
193.0 
246.3 
197.4 
149.5 
140.6 

198.5 

208.4 
210.0 
210.1 
210.9 
244.7 
202.3 
213.2 
213.7 


t 

s. 

I! 

4 

-a 


I 


190.9 


211,882 

0  30,003 

123.713 

664, 8C6 

209,054 

157,415 

124,576 

187,589 

a  47,611 

35,454 

95.056 

29,887 

29,776 

»3,188 

452,069 

84,418 

1,668,725 

1,573.200 
112,247 
e  19, 405 

25,084 
«  33,211 

55,641 

682,525 

»  39. 171 


«,W4, 


I 

I 


I 


238,316 

24.611 

134,371 

521,053 

155,453 

134,128 

97,430 

176,793 

57,967 

28,725 

73.154 

88,840 

36,660 

3,244 

837,801 

63,009 

1,656,961 

l,avv,  849 
117.869 
20,043 
26,451 
42,553 
56,290 
620,895 
36,982 


Fatalities  for 
10-year  period. 


I 


H 


474 


367 

116 

16 


12 
79 


17 
289 


35 
150 

240 

838 

84 


26 

66 

839 

65 


6,988,631  8,713 


5 

I 


905 

92 

710 

1,585 

443 

305 

324 

339 

104 

65 

124 

105 

144 

13 

1,296 

279 

5.979 

4,502 
297 
21 
104 
196 
192 

2,380 
146 


20,668 


o 


1,379 
98 

1,077 

1,701 

459 

305 

336 

418 

10ft 

66 

IM 

128 

483 

18 

1,331 


6,819 

6,840 

881 

81 

10ft 


3,819 
811 


84,866 


Fatalities  per  1,000  men. 


EzDeptioDaL 


Q 


2.24 


2.97 
.17 
.08 


.10 
.42 


.57 
9.70 


.07 
1.77 

.14 

.53 
.75 


.78 
1.19 
1.44 
1.66 


.66 


i 


a 


1.96 


2.73 
.22 
.10 


.12 
.45 


.  5v 

7.88 


.10 
2.38 

.14 

.52 
.71 


.61 
1.17 
1.35 
1.76 


59 


ConunoD. 


a  Employees  and  fatalities  for  8  years  only, 
ft  Employees  and  fatalities  for  5  years  only. 
p  Pmjklq^ees  and  latalitles  for  4  years  only. 


S 

9 

9 

U 


4.28 
2. 36 
5.74 
2.38 
2.12 
1.94 
2.60 
1.81 
2.18 
1.83 
1.30 
3.51 
4.84 
4.08 
2.87 
3.31 

3.59 

2.86 
2.65 
1.08 
4.15 
5.96 
3.45 
4.09 
3.72 


8.18 


s 


a 

s 


M 


3.80 
3.74 
5.29 
3.04 
2.85 
2.27 
3.33 
1.91 
1.79 
2.26 
1.70 
3.64 
3.03 
4.01 
3.84 
4.46 

3.62 

2.82 
2.52 
1.05 
3.93 
4.65 
3.41 
3.83 
3.95 


TotaL 


^ 


6.68 
8.86 

8.71 
8.66 

8.80 
L9ft 
8.70 
8.88 
8.18 
1.83 
1.80 
4.08 
14.54 
4.08 
8.91 
6.06 

8.73 

8.89 
8.40 
1.08 
4.15 
6.74 
4.64 
6.63 
6.88 


8.88 


8.69 


6.78 
8.74 
8.08 
8.88 
8.96 
8.87 
8.46 
8.86 
L79 
8.88 
1.70 
4.88 
11.81 
4.01 
8.H 
6.81 

8.76 

8.84 

8.88 
L06 
8.98 

6.88 
4.68 

6.18 
6.71 


8.87 
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Table  iC— FATALITY  RATES  PER  1,000  MEN,  BY  STATES,  COMPARED  ON  A  UNIFORM 

BASIS  OF  2,000-HOUR  WORKERS.a 


State. 


Alabama 

Arkaasas 

Colorado 

Illinois 

Tnrifai.nA 

Iowa 

Kansas 

Kentucky 

Maryland 

Midblgan 

Missouri 

Montana 

New  Mexico 

North  Dakota 

Ohio 

Oklahoma 

Pennsylvania  (anthra- 
cite)  

Pennsylvania  (bit u ml- 
nous) 

Tennessee 

Texas 

Utah 

Virginia 

Washington 

West  Virginia 

Wyoming 


1903 


2.47 


3.98 
3.40 
3.86 
2.06 
3.47 
1.98 
1.94 
3.04 
2.06 
2.08 
9.77 


Average. 


3.78 
5.44 

3.71 

2.96 
2.46 


8.29 


3.92 
3.55 


1904 


4.58 


9.40 
3.70 
2.44 
1.87 
2.96 
1.56 
1.59 
2.24 
1.31 
3.38 
3.85 


3.82 
4.27 

4.24 

4.66 
2.69 


5.56 


5.87 
3.33 


1905 


8.91 
2.C9 
4.99 
4.33 
2.99 
2.89 
4.01 
2.30 
2.02 
3.23 
1.56 
3.67 
2.87 


4.11 
7.04 

4.02 

3.25 
2.37 


5.20 


1900 


4.15 
4.58 
6.49 
3.37 
2.10 
2.11 
4.04 
2.64 
.75 
1.82 
2.23 
5.53 
9.32 


4.30 
7.97 

3.91 

3.15 
2.62 


1907 


6.23 
3.35 
6.28 
3.32 
3.15 
2.78 
3.2G 
1.97 


1.88 
1.10 
4.43 
8.65 


4.11 
5.33 

4.28 

4.45 
2.35 


2.21     2.18 


2.67 
4.43 


4.52 
5.16 


3.31 


5.66 
11.40 


1906 


5.30 
4.52 
4.43 
3.40 
3.51 
2.24 
3.73 
2.73 


1.71 
1.L3 
7.38 
7.16 
7.55 
3.C8 
7.67 

4.33 

3.97 
3.01 


2.06 


3.97 


3.91  ,  3.72    4.87 

I  I 


5.54 

6.09 

13.46 


4.28 


bl909 


1910 


8.82 
4.88 
18.78 
3.06 
2.53 
2.26 
2.22 
4.19 
2.30 
1.98 
2.32 
3.24 
3.18 
3.83 
4.18 
7.80 

3.44 

2.89 
3.06 
1.G2 
6.67 
6.67 
6.(3 
4.35 
4.55 


4.03 


1911 


8.77 
4.21 
6.48 
3.02 
3.01 
2.76 
4.63 
1.98 
2.05 
2.47 
1.14 
4.12 
2.  CO 
1.22 
3.28 
4.92 

3.63 

2.99 
9.23 
1.C3 
3.94 
6.53 
4.03 
4.77 
4.18 


3.78 


1912 


4.62 
2.09 
7.13 
2.C8 
2.21 
1.54 
3.17 
2.26 
1.89 
3.51 
2.36 
2.31 
2.99 


3.67 
16.01 

3.32 

2.48 
l.CO 
.39 
5.01 
6.93 
2.79 
4.34 
4.C9 


3.32 


1913 


4.07 
3.71 
9.74 
2.72 
8.89 
2.11 
2.84 
1.86 
1.88 
1.21 
1.28 
6.  GO 
49.26 
8.78 
4.37 
3.21 

3.04 

3.07 
2.78 
.71 
3.73 
1.88 
3.65 
4.07 
3.36 


8.68 


age. 


6.7S 
3.74 
8.02 

z.m 

t.H 

s.n 

3.46 
2.86 

1.79 
8.21 
1.70 
4.88 
11.81 
4.01 
3.94 
6.81 

S.76 

8.84 

8.88 

1.06 
8.88 
6.86 
4.68 

6.18 
6.71 


8.87 


a  For  details  from  which  this  table  Is  derived  see  special  tables  under  each  Individual  State. 
h  Complete  data  not  available. 

COMPARISON  OF  FATALITY  RATES  ON  A  UNIFORM  TIME  BASIS. 

In  the  (M)mparison  of  mine  accidents  the  time  element  should  be 
taken  into  consideration.  In  other  words,  the  length  of  time  that  a 
man  is  exposed  to  the  mining  risk  is  an  important  factor  in  arriving 
at  the  true  risk  in  the  mining  industry,  and  especially  so  when 
one  State  is  compared  with  another.  With  this  end  in  view,  Tables 
40  and  41  are  based  upon  a  uniform  period  of  two  hundred  10-hour 
shifts. 

The  tables  under  the  various  States  show  the  number  of  8,  9,  and 
10  hour  men  over  a  period  of  10  years.  There  are  also  a  number  of 
men  unclassified,  but  for  this  comparative  study  they  have  been 
taken  as  9-hour  men.  Concerning  the  actual  number  of  working 
hours  E.  W.  Parker  says :  * 

It  should  be  remembered,  however,  that  when  the  length  of  the  working  day  is 
stated,  reference  is  made  to  the  number  of  hours  the  mines  are  supposed  to  have  been 
in  operation  and  not  to  the  number  of  hours  worked  by  the  miners.  In  both  the 
anthracite  and  bituminous  fields  practically  all  the  coal  is  mined  by  contract  at  an 
agreed  rate  per  ton  or  other  basis  of  payment.  The  miner  is  an  independent  con- 
tractor and  is  not  obliged  to  put  in  a  certain  number  of  hours  at  his  working  place. 
The  figures  in  the  following  table  really  indicate  the  number  of  hoiirs  the  men  were 
given  an  opportunity  to  work  and  do  not  mean  that  all  the  employees  worked  8,  9, 
or  10  hours,  as  the  case  might  be. 


o  Mineral  Resources  of  the  United  States  for  the  calendar  year  1913,  U.  S.  Qeol.  Survey,  1015,  p.  764. 
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Since  the  settlement  of  the  anthracite  strike  of  1902  the  mines  in  that  region  have 
been  operated  on  a  9-hour  basis,  with  the  exception  of  engineers  and  pumpmen,  who 
work  8  hours,  and  of  the  miners,  who  work  by  contract. 

While  these  figures  as  previously  stated,  may  not  be  strictly  exact, 
it  is  certain  that  in  an  8-hour  State  there  will  not  be  many  10-hour 
men.  Yet  it  is  beUeved  that  in  a  10-hour  State  the  majority  of  the 
men  will  work  about  two  hours  longer  than  in  an  S-hoiu:  State. 
Inasmuch  as  these  labor  statistics  were  all  collected  by  one  biu:eaU| 
the  United  States  Geological  Survey,  they  are  all  on  the  same  basis, 
and  for  comparative  purposes  should  serve  nearly  as  well  as  exact 
figures.  They  are  the  only  figures  available  by  which  it  is  pos£>ible 
to  attempt  a  study  of  mine  accidents  in  relation  to  the  length  of 
exposure  to  the  many  dangers  attending  the  industry. 

Exact  data  along  these  lines  are  desirable;  and  it  is  hoped  that 
mining  companies,  State  officials,  and  industrial-accident  commissions 
will  realize  the  importance  of  arriving  at  a  true  risk  and  cooperate  in 
obtaining  such  information  as  may  reveal  the  true  accident  hazard  in 
Uie  mining  industry. 

The  State  tables  (see  list  of  States  in  Tables  40  and  41 )  cover  a 
10-year  period  from  1903  to  1913  iuclusive,  except  for  the  year  1909, 
for  which  complete  data  are  lacking.  This  information  is  available  for 
24  States,  and  the  varying  hoiurs,  number  of  employees,  and  the  work- 
ing days  have  been  given  proper  weight,  with  the  result  that  the  total 
number  of  working  hours  in  each  State  has  been  computed  for  the  10- 
year  period,  and  their  simi  gives  the  total  number  of  working  hours  in 
all  the  States.  This  divided  by  the  number  of  men  reported  working 
^ves  an  average  year  of  1,909  hours  for  the  United  States  as  a  unit. 
The  working  hours  in  each  State  divided  by  2,000  gives  the  equivalent 
of  2,000-hour  workers,  upon  which  f atahty  rates  may  be  based.  The 
number  of  calculated  2,000-hour  workers  is  given  in  parallel  with  a 
column  showing  the  number  ot  employees  as  reported. 

Table  40  shows  the  number  of  working  hours  per  year  in  each  State 
as  varying  from  1,314  in  Arkansas  to  2,447  in  Virginia.  The  Penn- 
sylvania anthracite  field  works  1,985  and  the  Pennsylvania  bitiuninous 
2,034  hours  per  year.  In  view  of  the  fact  that  this  range  varies  from 
a  few  hours  below  to  a  few  hours  above  2,000,  and  that  the  average 
for  the  United  States  is  1,909,  a  2,000-hoiu:  year  has  been  adopted  for 
calculations  in  the  accompanying  tables.  It  is  more  nearly  ia  keep- 
ing with  actual  mining  conditions  to  base  the  calculations  on  a  2,000- 
hour  year  than  it  would  be  to  base  them  on  a  3,000-hoiu:  year,  as  is 
frequently  done  in  factories,  metallurgical  works,  and  in  other  indus- 
trial plants.  Anyone  desiring  a  3,000-hour  basis  may  obtain  it  by 
adding  50  per  cent  to  all  of  the  rates  given  in  Tables  40  and  41. 

Table  40  gives  the  number  of  f  ataUties  that  are  due  to  exceptional 
accidents  and  those  due  to  common  ficciderUs,  the  exceptional  acci- 
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dent  being  one  in  which  five  or  more  men  are  killed  at  a  time^  and 
the  common  accident  one  that  occms  in  every-day  mining  operations, 
wherein  usually  one  or  two  men  but  not  more  than  four,  may  be 
involved  at  a  time. 

The  length  of  time  during  which  miners  are  exposed  to  the  hazards 
of  the  industry  varies  in  different  States,  due  to  both  commercial 
requirements  and  labor  organizations.  The  number  of  hours  a  day 
is  largely  regulated  by  labor  organizations  and  State  laws,  and  the 
number  of  days  worked  a  year  is  regulated  more  or  less  by  com- 
mercial conditions.  When  the  demand  for  coal  is  slight  the  output 
is  curtailed  by  working  part  of  the  time,  or  by  closing  the  mines 
entirely  for  several  weeks  to  await  better  market  conditions. 

The  actual  average  number  of  days  that  the  mines  are  operated 
each  year  is  given  in  the  State  tables.  The  tables  show  that  this 
number  varies  from  year  to  year  for  the  same  State.  For  example, 
in  1906  Colorado  averaged  268  working  days,  while  in  1911  the  mines 
were  operated  207  days.  Arkansas  in  1903  operated  223  days,  and 
in  1910  only  128  days.  Ohio  varied  from  161  days  in  1908  to  206  days 
in  1913.  With  such  wide  differences  in  the  number  of  days  that  the 
mines  are  in  operation,  it  is  evident  that  the  hazards  in  each  State  are 
not  the  same. 

Another  reason  why  they  are  not  comparable  is  that  the  number  of 
hours  worked  per  day  is  not  the  same  in  each  State.  For  example, 
Ohio,  Indiana,  Illinois,  Iowa,  and  a  number  of  other  States  are  on  an 
8-hour  basis  with  but  few  9-hour  and  10-hour  men.  On  the  contrary, 
in  Alabama,  Kentucky,  West  Virginia,  Maryland,  and  a  few  others, 
the  majority  of  the  men  work  9  hours  and  many  of  them  10  hours,  as 
shown  in  the  State  tables. 

It  is  not  a  fair  classification  to  place  the  fataUty  rate  of  an  8-hour 
State  on  an  equal  basis  with  that  of  a  10-hour  State,  when  the  men 
of  the  latter  State  are  exposed  to  the  mining  risk  25  per  cent  longer. 
Every  hour  adds  12  J  per  cent  to  the  hazard,  as  compared  with  an  8-hour 
day.  As  an  example  of  unfair  comparison  Ohio  and  Montana  may 
be  cited.  The  f  ataUty  rate  for  Ohio  (Table  40)  is  2.94  per  1,000,  based 
on  the  actual  number  of  men  working,  regardless  of  the  time  element, 
and  the  rate  for  Montana  is  4.08  per  1,000.  When  the  rates  are 
reduced  to  a  common  basis  of  2,000  working  hours  a  year,  the  Ohio 
rate  becomes  3.94  and  the  Montana  rate  4.23,  so  that  the  difference 
on  the  2,000-hour  basis  is  0.29,  as  compared  with  1.14  per  1,000  on 
the  customary  basis.  The  same  comparison  may  be  made  for  other 
States.  In  Virginia  many  of  the  mines  are  worked  10  hours  a  day 
and  from  200  to  280  days  per  year,  thus  increasing  the  time  of  exposure 
and  giving  on  the  customary  basis  a  fataUty  rate  of  6.74,  which,  if 
reduced  to  the  2,000-hour  year,  becomes  6.26,  comparing  favorably 
with  West  Virginia  at  5.18  per  1,000. 
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Table  41  shows  the  fatality  rate  by  States  and  calendar  years,  for 
a  10-year  period  wherein  all  rates  are  based  on  the  number  of  2,000- 
hour  workers.  The  detail  figures  from  which  this  table  is  derived 
will  be  found  in  the  special  tables  in  Part  II  under  each  individual 
State. 

Plate  in  showE  comparative  fatality  rates  at  the  coal  mines  of  the 
States  in  which  coal  is  produced,  based  on  a  uniform  period  of  2,000 
working  hours  per  year,  thus  placing  all  of  the  States  on  a  comparable 
basis,  as  indicated  in  Table  40.  The  circles  represent  the  fatality 
rate  per  1,000  men  employed,  wherein  only  the  ''conunon  accidents" 
are  considered.  The  solid  circles  represent  the  fatality  rate  per  1,000 
men  employed,  for  the  '^exceptional  accidents."  This  chart  repre- 
sents the  average  of  each  State  for  a  10-year  period,  except  where 
noted  in  Table  40.  The  common-accident  hazard  varies  somewhat 
from  one  State  to  another,  yet  the  difference  is  much  smaller  than 
usually  shown  where  the  time  element  is  not  taken  into  consideration. 

nmCIPAL  CAUSES  OF  MINE  ACCTOENTS. 

COAIi-lONE  DISASTEBS. 

A  summary  of  the  coal-mine  accidents  in  the  United  States  in 
which  5  or  more  men  were  killed  at  one  time,  together  with  the 
number  of  such  accidents,  is  given  in  Table  42.  This  table  shows 
that  since  1839  there  have  been  297  mine  disasters  in  which  5  or 
more  men  were  killed  at  one  time,  representuig  7,590  fatalities.  Of 
this  number,  6,126  were  killed  by  gas  and  dust  explosions,  199  of  the 
disasters  falling  into  this  class.  There  were  30  mine  fires,  claimiog 
809  victims.  There  were  144  accidents  in  which  5  to  9  men  were 
killed  at  one  time,  representing  9ll  fatalities.  Although  this  group 
represents  the  greatest  number  of  accidents,  the  largest  number  of 
men  killed  is  in  that  group  in  which  from  100  to  199  f  ataUties  resulted 
from  a  single  disaster.  There  were  12  such  disasters,  resulting  in 
1,715  fatalities.  Details  relating  to  individual  accidents  classifiedin 
this  table  are  given  in  Table  44. 
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Table  43.— FATALITIES  IN  AND  ABOUT  THE  COAL  MINES  OF  THE  UNITED   STATES 
CLASSIFIED  ACCORDINO  TO  COMMON  AND  EXCEPTIONAL  ACCIDENTS.a 

[See  f\g.  4.] 


Number  vnied. 

Number  Mled  per  1 ,000 
employed. 

Yttr. 

Inex- 
oeptlamil 
aocidfiQts. 

In  com- 
mon 
accidents. 

TotaL 

Inex" 
cepUonal 
accidents. 

In  com- 
mon 
accidents. 

Total. 

183D 

21 
25 

100 

185 

223 

253 

260 

260 

242 

211 

230 

306 

960 

840 

443 

463 

406 

407 

420 

494 

645 

648 

655 

815 

821 

005 

881 

061 

050 

938 

1,034 

1,153 

1,216 

1,434 

1.318 

1,600 

1,730 

1,020 

1.003 

2,324 

2,097 

2.144 

2,336 

2,237 

2,168 

2.321 

ni 
no 

113 
113 
180 
180 
Ml 

m 
m 

317 

174 

340 

448 

541 

688 

519 

4M 

6M 

7» 

968 

783 

966 

911 

966 

966 

1,141 

1,093 

990 

1,061 

1,941 

1,489 

1.674 

1.7M 

1.918 

1.9W 

8.01 

1,138 

S.941 

1.446 

1,941 

1,811 

1.6M 

1.419 

1.785 

0.50 

.67 

5.34 
4.03 
4.06 
5.25 
3.87 
3.06 
2.83 
2.60 
2.56 
3.18 
2.17 
2.93 
2.72 
2.85 
2.50 
2.33 
1.95 
2.16 
2.26 
2.29 
2.25 
2.62 
2.50 
2.55 
2.46 
2.53 
2.50 
2.41 
2.64 
2.01 
2.81 
2.08 
2.58 
3.05 
3.02 
3.12 
3.02 
3.44 
3.00 
3.23 
3.22 
3.07 
3.00 
3.10 

6.88 

isn 

6.60 

1872 

4.98 

1873 

10 

.21 

6.48 

1874 

3.87 

1875 

3.M 

1876 

8.83 

1877 

14 
5 

11 
5 

.17 
.06 
.12 
.04 

1.77 

1878 

1.81 

1879 

3.30 

\fm                                         .   ,    . . 

l.U 

1881 

1.93 

1ffi2 

5 

79 

40 

52 

65 

10 

83 

20 

78 

141 

170 

53 

77 

101 

133 

52 

28 

88 

273 

140 

406 

227 

265 

312 

235 

018 

348 

406 

485 

420 

251 

464 

.03 
.40 
.21 
.25 
.30 
.04 
.20 
.07 
.27 
.46 
.53 
.15 
.21 
.51 
.35 
.14 
.07 
.23 
.63 
.20 
.80 
.41 
.46 
.51 
.37 
1.37 
.51 
.74 
.67 
.58 
.35 
.62 

8.76 

1883 

3.M 

1884 

1.80 

IW^ 

8.68 

1885 

1.16 

1887 

8.10 

\fm           ,    . 

1.66 

1880 

8.86 

1800 

1.61 

1801 

3.06 

1802 

3.11 

1809                                                    

8.70 

1804 

1.87 

3.M 

1806 

8.86 

8.66 

18B8 

1.71 

3.14 

1900 

8.M 

3.17 

1902 

3.38 

S.M 

1904 

8.48 

S.83 

1003 

3.39 

4.81 

1908 

3.60 

3.N 

mo 

S.89 

3.66 

1012 

3.35 

3.71 

6.697 

43,036 

49.733 

.45 

1.87 

3.31 

316 

2,138 

1,4M 

.41 

2.81 

3.12 

a  Exceptional  accidents  are  defined  as  those  in  which  5  or  more  men  are  killed  at  one  time. 
acddents  are  those  in  which  less  than  5  men  are  killed  at  one  time. 


Common 


Table  43  shows,  in  parallel  columns,  by  years  since  1870  the  number 
of  men  killed  in  common  accidents  and  those  killed  in  exceptional 
accidents,  with  fatality  rates  for  each.  For  the  entire  period  the  rate 
for  the  exceptional  accidents  was  0.45  per  1,000  men  employed,  and 
for  the  common  accidents  2.87.  The  rates  for  1914  are  slightly  below 
the  average.  In  figure  4  the  total  fatahty  rate  is  represented  by  a 
solid  line,  the  common-accident  rate  by  a  dotted  line,  and  the  excep- 
tional-Occident rate  by  dashes.  These  curves  show  the  lowest  total 
and  common-accident  rates  between  1885  and  1890.  Since  then  these 
rates  have  increased  to  1907,  from  which  year  there  is  a  dedine  in  the 
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fatality  rate.  This  table  sho^rs  that  6,692  men  were  killed  in  excep- 
tional acddentB  since  1870,  whereas  the  number  kiUed  in  common 
accidents  was  43,036.  The  number  of  fatalities  represented  in  this 
table  is  based  on  those  States  for  which  complete  inspection  reports 
have  been  rendered. 

Table  44  gives  a  revised  list  of  all  of  the  mine  disasters'*  for  which 
records  are  available  from  any  source  whatever  since  1839  to  and  in- 
cluding 1915.  This  table  presents  details  of  the  summary  shown  in 
Table  42. 


Tabub  M.-OOAL-1CINE  ACCTDENTS  TS  THE  UNITBD  STATES  IN  WmCH   FIVE   OR 

MORE  MEN  WERE  KILLED.    (REVISED  TO  JAN.  1, 1916.) 


NaoMofiiiliie. 


LooitloooriiiliM. 


Nature  of  aoddant. 


Killed. 


U30  Mar.  18 

1847  Feb.  — 

ISW  

18S6  

I860  Sept.   6 

1870  Mar.  23 


1870  Ang.  10 

1870  Aug.  29 

1871  May  37 

1871  Oct.     3 

1873  June  10 

1870  Mar  20 

1870  July  34 

ir«7  May    9 

1877  July  11 

1878  Jao.    15 

1878  Nov.  21 
1870  May    6 

1879  NoF.    3 

1880  May    8 

1881  Feb.  10 
ISSl  Mar.    4 

1882  Feb.    8 

1883  May  24 
1883  Jan.     9 

1883  Feb.  16 

1884  Jan.  24 
1884  Feb.  20 
1884  Mar.  13 
1884  Aug.  21 

1884  Oct.  27 

1885  Apr.    6 

1886  Aug.  11 

1885  OcL  21 

1885  Dec  IS 

1886  Jan.  13 
1886  Jan.  21 
1886  Aug.  80 
1886  Sept.  13 

1886  Not.  26 

1887  Apr.  27 

1887  Oct.     1 

1888  Mar.  29 
1888  Not.    3 

1888  Nov.   9 

1889  May    9 

1880  Sept  9 

1800  Feb.    1 

1890  Mar.    8 

1800  Apr.  2 
1890  May  15 
1890  June  16 

1801  Jan.  27 


Black  Heath. 
Spencer...... 

GhesterOeld.. 
Midlothian... 
Avondale.... 

Potts 


Heins  A  OlaaBmire. 

Preston  No.  3 

WestPittston 


Otto  Red  Ash... 

Henry  day 

Midlothian 

Black  Diamond. 

Wades^dlle 

Bnmkfleld 


Potts 

Sunivan 

Audenried 

MiU  Creek 

Ly kens  Valley. 

Bobbins 

Ahny 

Midlothian 

Kohinoor , 

CoafterrlUe.... 
DJamood 


Crested  Batte... 
West  Leisenring. 

Laurel 

BockRidlge 

Yonngstown 

Cnyler 

West  End 


Plymoath  No.  2. 
NantiookeNo.1. 


Almy  No.  4. 
NewDurg.... 
Fair  Lawn.. 
Manrlne 


Conynghanu. 
TunneL 


Bast 

Keith  A  Perry  No.  6. 

Kettle  Creek 

Shaft  No.  2 

WOUam 


White  Ash. 


Nottlndiam 

Shaft  No.  8.. 

Susquehanna  No.  4. 


Jersey  No.  8 
nui  Farm... 
Mammouth. 


Near  Richmond,  Va. 

Pottsrille,  Pa 

Near  Richmond,  Va. 
Coalfield,  Va.7i;..... 

Plymouth,  Pa 

Potts  Mhie,  Pa 


Mldd]eport,Pa.... 

OlrardTille,  Pa 

West  Plttstoa,  Pa. 


Bnundi  Dale.  Pa. 
Shamokin,  I^.... 

CoalfleidrVa 

NorUmTflle,  Cal.. 
WadesTille,  Pa... 
Brookflald,  Ohio. 


Locust  Dale,  Pa. 
SulliTan,  Ind.... 
Audenried,  Pa. . 
Mm  Creek,  Pa.., 
Bhamokhi.  Pa... 
Robbiitt,6hio.. 

Almy,Wyo 

Coalfield,  Va.... 
Shenandoah,  Pa. 
Cotilterville,IU.. 
Bnudwood,  Dl. . 


Crested  Butte,  Colo. . 
West  Leisenring,  Pa. 

Pocahontas,  Va 

Shamokin,  Pa 

TJniontown,  Pa 

RaTenRuo,  Pa 

Mocanaqna,  Pa , 


Plymouth,  Pa. 
Nantlooke,  Pa. 


Almy,Wyo 

NeWbuTf ,  W.  Va. 

Scranton,  Pa 

.....do 


Wilkes-Barre,  Pa. 
Ashland,  Pa 


Big  MfaM  Run,  Pa. . 

RlehHUl,Mo 

Clinton  County,  Pa. 
Frontenac,  Kuis. . . . 
Middleport,  Pa 


Jefferson  County,  Colo. 


Plymouth,  Pa 

South  WUkee-Barre,  Pa. 

Nantiooke,  Pa 

Ashley,  Pa 

Dunbar.Pa 

Mount  Pleasant,  Pa 


Mine  explosion 

do 

.....do..... 

do 

Mine  fire 

Explosion  of  breaker  boil- 
ers. 

Cage  fell  down  shaft 

Gage  fbll  down  slope 

Smoke     from     ouming 


Mine  explosion. 

do 

do 

do 

do 

Suffocated  by  snsee  from 

mine  locomotives. 

Mine  explosion 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Inrush  of  suriisoe  water 

into  workings. 

Mine  explosion 

do 

do 

Mhieflre 

Mine  explosion 

Fall  of  roof 

Gas  from  boiler  fires  in 

mine. 

Mine  explosion 

Buried  by  inrush  of  quick- 
sand. 

Mine  explosloD 

.....do 

do 

Suffocated  by  inrush  of 

minegai. 

Mine  explosion 

Suffocated  by  inrush  of 

mhiegas. 

.....do 

Mine  explosion 

.....do 

....do 

Mine  car  fell  on  men  in 

cage. 
Inrush  of  water  from  old 

shaft. 

Mine  explosion 

do 

....do 

....do 

Mine  fire 

Mine  explosion 


40 
7 

19i 
66 
179 
5 

9 

7 

20 

6 

10 

8 

6 

7 

7 

5 

8 

6 

6 

5 

6 

38 

32 

5 

10 

60 

59 

19 
113 
7 
14 
10 
10 

6 
26 

18 

39 

6 

8 

12 

5 

5 
24 
17 
40 
10 

10 

8 

8 

5 

26 

81 

109 


•  Horlon,  F.  W.,  Coal  mine  accidents  In  tba  United  States:  BuIL  09,  Bureau  of  Mines,  1913,  p.  46. 
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Tablb  44.— coal-mine  ACCIDENTS  IN   THE  UNITED   STATES  IN   WHICH  FIVE  OB 
MORE  MEN  WERE  KILLED.    (REVISED  TO  JAN.  1,  1016.)— Continued. 


Date. 


U91  Feb.  4 


1891  Oct.  23 


1891 
1892 
1892 

1892 
1892 
1893 
1893 
1893 
1893 
1893 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1895 
1895 
1895 
1895 
1895 
1895 
1895 
1896 
1896 
1896 
1896 
1896 
1897 
1897 
1897 
1897 
1897 
1897 
1897 
1896 

1898 
1898 
1898 

1899 
1899 
1899 
1899 
1899 
1899 
1000 
1900 
1000 

1000 
1900 
1001 
1901 
1901 
1901 
1901 
1001 
1901 
1901 
1901 
1001 
1001 
1002 
1902 
1002 
1002 
1902 
1902 
1902 


Nov.  8 
Jan.  7 
Apr.  20 

May  10 

July  23 
Jan.  10 
Feb.  14 
Apr.  1 
June  22 
Sept  21 
Feb.  13 
July  17 
Aug.  24 
Oct.  8 
Oct.  11 
Nov.  20 
Jan.  22 
Feb.  18 
Feb.  27 
Mar.  20 
Apr.  8 
Oct.  7 
Dee.  19 
Dec.  20 
Feb.  18 
Mar.  23 
June  28 
Oct.  29 
Deo.  26 
Jan.  4 
Jan.  13 
Mar.  4 
Sept.  8 
Sept.  20 
Sept.  28 
Oct.  30 
May  26 

Sept.  23 
Oct.  1 
Nov.   6 

Feb.  21 
Apr.  21 
May  23 
July  24 
Dec  9 
Dec  23 
Mar.  6 
May  1 
Aug.  21 

Nov.  2 
Nov.  9 
Feb.  25 
Apr.  29 
May  15 
May  27 
June  10 
Sept.  16 
Oct.  26 
Oct.  26 
Nov.  14 
Nov.  22 
Dec.  28 
Jan.  13 
Jan.  24 
Mar.  6 
Mar.  31 
May  19 
July  10 
Aug.   7 


Name  of  mine. 


Spring  Mountain  No.  1. 


Richardson. 


Susquehanna  No.  1. 

No.ll 

Lytle 


Roslyn.w^ 

York  Farm 

Como 

Chicago  and  Iowa 

Neilson 

Susquehanna  No.  1 

Lance  No.  11 

Qaylord 

East  Sugar  Loaf 

Franklin 

LukeFIdler 

Henry  Clay 

Blanche 

Tate 

West  Bear  Ridge 

White  Ash 

Red  Cfloiyon 

Blue  Canyon 

Dcrrance 

Cumnock 

Nelson 

Vulcan 

Berwind 

Twin 

Shaft  No.  3 

Oswald 

No.l 

Wadesville 

Kansas  &  Texas  No.  44. 

Sunshine 

Belle  Ellen 

JermynNo.  1 

VoaStorch 

Kaska  William 


Umpire. 
Midvale. 
Exeter.. 


Blocton  No.  2 

Cook  «fc  White 

Cumnock 

Grindstone 

Carbon  Hill  No.  7 

Sumner , 

Red  Ash 

Winter  Quarters  1  and  4 . 
Issaquah  No.  4 


Berryburg 

Buck  Mountain 

Diamondville  No.  1 . 

McAlester  No.  5 

Chatham , 

Richland 

Port  Royal  No.  2... 

Spring  Gulch , 

Buttonwood 

Diamondville 

Pocahontas 

do 

No.l 

Milby&Dow 

Lost  Creek  No.  2... 

Oatsburg 

Nelson :. 

FraterviUe 

Rolling  Mm 

Bowen.. 


Location  of  mine. 


JeanesvUle,  Pa. 


Glenoarbon,  Pa. 


Nantiooke.  Pa.. 
Krebs,  Okla.... 
Minersville,  Pa. 


Roslyn,  Wash. 
Pottsville.  Pa. 


King,  Colo.. 

Albia,Iowa 

Shamokin,  Pa 

Nantiooke,  Pa 

PlymouUi,Pa 

do 

Stockton,  Pa 

Franklui,  Wash 

Sbamokin,  Pa 

....do..... 

Standard,  W.Va 

Sturgis,  Kv 

Mahanoy  Plane,  Pa 

Cerrillos,  N.  Mex , 

Red  Canyon,  Wyo 

Lake  Whatcom.  Wash . . 

Wilkes-Barre,  Pa 

Cumnock,  N.  C .-. . 

Dayton,  Tenn 

New  Castle,  Colo 

Dubois,  Pa 

Pittston,Pa 

South  Wilkes-Barre,  Pa. 

Princeton,  Ind 

Alderson,  Okla 

WadesvlUe,  Pa 

Himtington,  Ark 

Sunshine,  Colo 

Belle  Ellen,  Ala 

Rendham,  Pa 

Scranton,  Pa 

Middleport,  Pa 


Brownsville,  Pa... 
Wilkes-Barre,  Pa.. 
West  Plttston,  Pa. 


Blocton,  Ala 

Madrid,  N.  Mex... 
Cumnock,  N.  C... 
Grindstone,  Pa.... 
Carbonado,  Wash. 

Sumner,  Pa 

Red  A^.  W.Va.. 

Soofleld,  Utah 

lanquah,  Wash... 


Berryburg/W,  Va. . 

Mahanoy,  Pa 

Diamondville.  Wyo. 

Alderson,  Okla 

FarmingtoUj  W.  Va. 

Dayton,  Tenn 

Port  Royal,  Pa 

Spring  Gulch,  Colo.. 

Plymouth,  Pa 

Diamondville,  Wyo. 

Pocahontas,  va 

....do 

Hartshome,  Okla. . . 

Dow.  Okla 

Oskfuoosa,  Iowa 

Monongahela,  Pa..^ 

Dayton,  Temi 

Coal  Creek,  Tenn.... 
Johnstown*  Pa. 


Nature  of  accident. 


Drowned  by  inrush  of 
water  from  abandoned 
worktaigs  and  asphyxi- 
ated bv  gas  from  fire 
built  by  imprisoned 
men. 

Imprisoned  by  rush  of 
coal  and  sunocated  by 
mine  gas. 

Mine  explosion 

do 

Drowned  by  water  from 
old  workinj^s. 

Mine  explosion 

do 

do 

do 

Mine  fire 

Mine  explosion 

do 

Fall  of  roof 

Dynamite  explosion 

Mine  fire 

do 

Boiler  explosion 

Mine  explosion 

Powder  explosion 

Mine  explosion 

do 

do 

do 

do , 

do 

do 

do 

do 

Fall  of  roof 

Mhie  explosion 

do 

do 

Crosshttul  fell  down  shait.. 

Mine  explosion 

do 

Mine  fire 

do 

do 

Drowned  by  water  from 
old  workings. 

Mine  explosion 

Mine  fire 

Mine  car  fell  on  men  in 
cage. 

Mine  explosion 

do 


do 

do 

do 

do 

do 

do 

Smoke  from  burning  air 
shaft. 

Powder  explosion 

Mine  explosion 

Mine  fire 

Blown-out  or  windy  shot. . 

Mine  explosion 

.....do 


.do. 
.do. 
.do. 
.do. 


Mine  fire  and  explosion  . . 

Mine  fire 

Fell  from  cage 

Miiiefire 

Mine  explosion 

do 


.do. 
.do. 
.do. 


rfuiruaiMwu*  A  o..... ...uw 

Bowen,  Colo .1 . . . .  ido 


Kmed. 


13 


12 

100 

10 

45 

15 

24 

8 

10 

6 

6 

13 

8 

37 

5 

6 

8 

5 

5 

24 

60 

23 

7 

39 

28 

49 

13 

58 

6 

7 

5 

5 

14 

12 

5 

5 

6 

6 

8 
5 
9 

5 

5 
23 

5 

31 

19 

46 

200 

5 

15 
7 

28 
6 

10 

20 

19 
6 
6 

22 
9 
8 
6 

10 

20 
5 

16 
184 
112 

13 
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U>B  Not.  » 
IW  Dec  9 
MB  Mar.  U 
IMS  Mar.  23 
ISIS  Mar.  31 
1M3  Apr.  13 
IMH    JnOB  19 


ItM    Apr.  ; 


IMB    Jan.' 
ira&    Feb. 


e    Mar. 


IMS  Apr. 

1905  Apr.   '. 

IIOG  Apr.   S 

19W  Apr.   : 

190S  Apr.  : 

U05  it&r 


I    Ang. 
1    Oct 


Son^h  nUkn-Barre. . 

Cardar 

Atlieii9Na.2. 

Sandoni 

Central  ElopaTT 

fio.3 


■asbnrc  No.  i 
mis  Mo.  1... 


FareusoD 

Harwick 

Maple  Cfll... 


K^mia! 


tjUe 

Vlr-:lnia  Cllr 

GripovLnB 

Clear  Spring 

VRushllaiiiuid  Red  Ai 


__.'    Jan.    29 

1907  '>'eb. 

1907    Mai!  la 
tot.   W 

Sbj    1 

1907    Juaa  IS 


No.  19, . 
Fullw... 
Clyde... 


DiamoDdviUaNo.  I 


UoDDniah  Nos. 
Yolajide 

Backmsn 


- 

sc^-'^----;:; 

I!s;,^a>f""::;::: 

Mine  Biploalon  and  a™ — 

....do 

SSJe.'^.'^;:::::: 

WIlll«m!towD,P» 

Bair«.t<d*b?*?«i.  1^ 

S5Sr«V"::::::: 

WtHt  Plttston,  Pa 

RedAsli,W.Va 

Sg.f,7.::::::; 

aiSKWr-:::::;; 

■:r%"\\\\:::::::::::::. 

fvitwrBia/okii;";;';; 

SC^kS^*"^" 

^a^M,,.CCo 

RadLodKs.kont 

HloiBburg.ij.MVx!!!!!! 

::::|::;:::::;:::;::::::: 

SSiffc^.v-:- 

C^wlthWifeUdawa 

ThomMjW.Va 

Mo?^15JVva 

Jacobs  Creek,  Pa 

:;:::^S:::::;:::::::::::::: 

.....do 
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IVUS 

K?-iS 

»  ! 

^'i 

J?;s 

J11I7  13 

SS'-'S 

ima 

Apr.  21 

Adt.  3S 

UouDtLootoat... 


'aflar-OIaNo  ' 
.  .'urKiT  Rod.. 

RedLodga.... 

BadialuidAi 


itWaalamNo.a.. 


VictoF  Amedcui  No.  3 . 


Banner 

OH  No.  20 

Cameron 

BjkBsvllle 


Bottom  Creek 

Cnw  Uouutob].., 


Kldo»do,lll 

dndiuttU FlnlevTUle.Fa.... 

Tnylor Hartfed.Ky 

InqNTlkl BeUaVtliaj.Oblo. 

Not  tiiclnd«d  In  St«t*  Inipector'i 


F[yiaaiith,Pa.. 

Piunaro,  Colo , . . 


WIlkc»-buT«,  Pb.. 
WUbuiton.Okls... 
Uulga.Ala 


Yalands,  Ala . . 


,111... 


.,Ky... 


LerdBQ.Colo 

Thwsker,  W.  Va 

Carbon  Hill,  Vb 

TrinidsdiColo 

UlaSBl,Kan9 

Fut  CanoitsbuTg,  Fa... 

ThiDop,P« 

LlttletoD.  Ala 

EUtGanlfln.W.Va,... 

Bbamokln,  Pa 

STk(BTlllB,pa 

" '00,  Fa. 


FmOand,  Pa.. 


PoTUsatawnflT,  F% 

Vlvtaji,W.Va 

Brioevilla,  T«m 

PlTmouth.Fa 

Carbon  HQi,  Vb 

Central  City,  Ky 

Kauunsns,  Wto 

LSblgb.Okla 

UcCnilBln,  OklB 

Jed.W.Va 

Madlsonvllle,  Ky 

Hastlnto.  Colo 

MoundsTill«,W,Va... 

CarboD  Hill,  Va 

Evans  etatlon.  Fa 


HInecan 

Ulnafln 

If  Ine  eiiJoslon. . . 


ID  ynamJ  to  explcoioD . . . 
ifins  aipiosion. 


Ulnsllre 

...do 

Uins  tTplailon 


UlnefiiBatid  eiploslm.. 

Ulne  erplosioD 

powder  eiploaloD . .  - 


Dynunitasi 
luneexpkel 


Ulne  eiploalon. 

!"!!do;;"*""!i;!! 

Overcome  by  gas 

If  Inn  e^>loeu[i. , . . . . 
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Table  44.— COAL-IONE  accidents  in  THE  UNITED   STATES  IN   WHICH   FIVE   OR 
MORE  MEN  WERE  KILLED.    (REVISED  TO  JAN.  1,  1916.)-<:QatiDued. 


Date. 


Name  of  mine. 


Location  of  mine. 


Nature  of  accident. 


KiDed. 


1013  Aug.    3 

ins  Oet.  22 

ins  Not.  18 

ins  Dec  16 

in4  Jan.    10 

in4  Jan.   14 

in4  Apr.  28 

1U4  Apr.  29 

1914  May  29 

V9U  Jane  30 

in4  Sept.   4 

ISHA  Sept.  16 

in4  Oct.      5 

in4  Oct.    37 

1914  Dec.     9 

1915  Feb.  6 
1915  FM>.  17 
1915  Feb.  18 


1915  Mar.     2 

1915  Apr.     5 

U15  May  24 

1915  July  27 

1915  July  30 

1915  Ang.  31 

ins  Nov.  16 

ms  Not.  30 


Esst  Brookslde 

Stag  Canon  No.  2 

Acton  No.  3. 

Vulcan 

Rock  Castle 

Bpenoer-Newland 

Ecdes  No8. 5  and  6. . . . 

Union  Padflo  No.  2 

Marvd 

Cinderella 

No.l 

Lehi^No.4 

Mnlea 

Nora  or  No.  1 

Tripp 

Carlisle 

Prospect 

Atlae 

LaylandNo.  3 

Shoal  Creek 

Smokeless  Valley  No.  1 

United  Coal  No.  1 

Patterson  No.  2 

Orenda 

Northwestern 

Boomer  No.  2 


Tower  City,  Pa.. 
Dawson.  N.  Mex. 

>oton,  Ala 

New  Castle,  Colo. 
Rock  Castle.  /  la. 
Mnlberry,  Kans.. 


Ecdes,  W.Va 

Cumberland,  Wyo. 

Maryd,Pa 

CindereUa,  W.  Va. 


Adamson,  Okla.. 

Lansford.Pa 

Mulga,  Ala 

Royalton,IU 

Sctanton.Pa 

Carlisle,  W.Va.. 
Wllkes-Barre,  Pa. 
Rich  Hill,  Mo.... 


Leyland,W.Va.,. 

Panama,  111 

Johnstown,  Pa 

Christopher,  111. . . . 

Elizabeth,  Pa 

Boswell.Pa..^ 

Ravensaale,  Wash. 
Boomer,  W.  Va 


Mine  explosion 

do..:. 

.....do 

do 

do 

Cace  with  men  fell  down 
shaft. 

Mine  exidosion 

Mine  cars 

Overwinding  of  cage 

Suffocated  by  fumes  fh>m 
ilre  in  fan  house. 

Cave-in 

Mine  explosion. 

do 

do 

Collapse  of  bottom  of  cage. 

Mine  explo^ilon 

do 

Powder  and  mine  explo- 
sion. 

Mine  explosion 

do 

do 

do 

Mine  cars 

Mine  explosion. 

do.:. 

....do 


19 
283 
34 
37 
13 
6 

181 
5 
6 
6 

13 
7 
16 
52 
13 
21 
13 
5 

112 

11 

9 

9 

9 

19 

81 

23 


GAS   AND  DUST   EXPLOSIONS. 

Table  45  shows  the  number  of  men  killed  by  gas  and  dust  explo- 
sions in  the  coal  mines  of  the  United  States,  by  States,  during  indi- 
cated periods  ending  December  31, 1913,  for  which  continuous  records 
are  available.  This  table  takes  cognizance  of  6,726  fatalities  in  the 
coal  mines  of  the  United  States  due  to  this  cause  alone,  including  both 
common  and  exceptional  accidents.  In  addition  to  these  accidents 
a  number  of  mine  disasters  occurred  prior  to  the  beginning  of  State 
mine  inspection,  which  are  not  included  in  tins  table.  During  the 
periods  covered,  the  fatalities  due  to  gas  and  dust  explosions  were 
13.88  per  cent  of  the  total  number  killed,  or  a  fatality  rate  of  0.46  per 
1,000  men  employed. 

Utah  has  the  highest  percentage  of  fatalities  in  important  coal 
wiining  States  due  to  tibis  cause,  the  rate  being  57.75  per  cent  of  the 
totals  or  5.34  per  1,000  men  employed.  Utah's  high  rate  is  due  to 
one  disaster  at  the  Winter  Quarters  mine,  in  which  200  men  were 
killed  at  one  time.  New  Mexico  has  the  next  highest  percentage, 
56.51  per  cent  of  the  total  fatalities  for  a  period  of  21  years,  or  6.46 
per  1,000  men  employed.  This  high  rate  is  due  to  the  Dawson 
disaster,  in  which  263  men  were  killed  at  one  time. 

The  percentage  of  fatalities  due  to  gas  and  dust  explosions  in  some 
of  the  States  is  much  higher  than  iq  others,  whereas  the  rate  per  1,000 
men  employed  may  not  be  in  accordance  therewith.  Here  again  is 
shown  the  fallacy  of  making  fatality  comparisons  on  the  percentage 
basis.    In  Utah  and  New  Mexico  the  percentage  of  fatalities  due  to 
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falls  of  roof,  26.76  and  28.17,  respectively,  indicates  exceedingly  safe 
roof  conditions  in  the  mines  of  these  States,  as  this  rate  is  about  one- 
half  the  average  for  the  United  States,  which  is  47.49  per  cent.  But 
the  fatality  rate  due  to  falls  of  roof,  based  on  the  number  of  men  em- 
ployed, in  New  Mexico  is  3.22  and  in  Utah  2.48,  both  of  which  are 
much  larger  than  the  average  for  the  United  States,  which  is  1.57 
per  1,000  men  employed. 

Table  46.— NUMBER  OP  MEN  KILLED  BY  GAS  AND  DUST  EXPLOSIONS  IN  AND  ABOUT 
THE  COAL  MINES  OF  THE  UNITED  STATES,  BY  STATES.  DURING  PERIOD  SHOWN 
ENDED  DEO.  31,  1913,  FOfi  WHICH  CONTINUOUS  RECORDS  ARE  AVAILABLE. 


State. 


AlalMuna. 

Arkansas 

Colorado 

Georgia 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Manrland 

Mlcnlgan 

Missouri 

Montana 

New  Mexico 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania  ^anthracite) . . 
Pennsylvania  (bituminous) . 

Tennessee. 

Texas 

Utah. 

Virginia 

Washington 

West  Virginia 

Wyoming 


Total* 


Number  of 

years  in 

period 

ended  Dec. 
81, 1913. 


21 

9 
28 

6 
29 
19 
26 
21 
26 
23 
14 
26 
14 
21 

6 
30 
21 

5 
44 
86 
23 

5 
22 

6 
25 
29 

6 


Number  killed. 


Total. 


620 

2 

617 


170 
67 
44 
33 
74 


40 


321 


64 

262 

2 

1,344 

1,30C 

339 


205 

25 

195 

1,036 

67 


Per  cent. 


33.32 

1.87 

29.75 


4.99 
8.39 
6.10 
6.25 
11.65 


10.58 


56.51 


2.79 
35.94 
66.67 

7.59 
13.82 
39.47 


6,726 


67.75 
9.96 
3a  47 
21.82 
27.80 


13.88 


Per  1,000 
employed. 


1.76 

.06 

2.12 


.13 
.18 
.13 
.15 
.23 


.19 


6.46 


.07 

L96 

L79 

.26 

.40 

1.70 


5.34 
.63 
L87 
1.09 
1.46 


.46 


a  This  table  is  based  on  Table  5,  and  Is  for  periods  indicated,  by  States,  for  which  continuous  records  are 
available.  It  does  not  necessarily  check  with  Tables  3  and  4,  for  the  reason  that  the  latter  tables  indude 
intermittent  records  prior  to  the  period  having  continuous  records. 

It  will  be  noted  from  figure  3  that  the  accidents  due  to  gas  and  dust 
explosions  were  comparatively  few  from  1875  to  1890,  the  rate  being 
about  0.30  per  1 ,000  men  employed.  Beginning  with  1890  the  fatality 
rate  has  been  very  irregular,  owing  to  the  irregular  occurrence  of 
large  diasters.  The  cUmax  was  reached  in  1907,  when  seven  explo- 
sions occurred,  in  each  of  which  more  than  20  men  were  killed.  The 
number  killed  by  gas  and  dust  explosions  in  1907  was  1.417  per  1,000 
employed  in  all  coal  mines,  or  1.796  (Table  68)  per  1,000  for  the  bitu- 
minous mines  alone.  As  shown  in  Table  4,  the  fatahty  rate  due  to 
this  cause  has  declined  since  1907,  being  0.457  per  1,000  in  1914  as  com- 
pared with  the  average  of  0.487  from  1870  to  1913. 

In  considering  the  number  of  men  killed  in  recent  gas  and  dust 
explosions,  it  must  not  be  forgotten  that  the  mines  are  becoming 
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deeper,  contain  more  abandoned  rooms  and  old  wortdngB,  with  the 
possibility  of  greater  accumnlations  of  gas  and  dust,  are  larger,  and 
that  more  men  are  emj^oyed  in  the  individaal  mines  than  in  former 
years,  so  that  when  an  explosion  does  occor,  there  is  the  possibility 
of  trapping  more  men  than  would  have  happened  in  the  same  mine 
20  or  25  years  >go. 

"With  deeper  mines  and  the  resultant  old  workings,  ventilation  is 
not  as  easy  to  maintain  as  in  the  newer  mines,  thus  permitting  the 
accumulation  of  gas  and  dust.  The  deep  slope  or  shaft  mines  drain 
all  of  the  water  from  the  upper  workings,  leaving  the  haul^e  ways 
and  rooms  dry,  with  the  result  that  coal  dust  will  be  produced  and 
accumulate  in  them.  Water  also  drains  frdm  the  gob  and  waste 
piles  and  they  become  comparatively  dry.  Air  will  circiUate  through 
abandoned  rooms,  caved  workings  and  gob,  and  in  so  doing  the 
velocity  of  the  air  current  is  reduced  tmd  the  suspended  dust  deposited. 
The  air  is  actually  filtered,  leaving  its  deadly  burden  of  dust  to  be 
ignited  by  an  explosion  of  gas  or  a  blown-out  shot. 

UINB  FIBES. 

Table  46  shows  a  list  of  the  principal  mine  fires  which  have  occurred 
in  the  United  States  since  1S69,  and  in  which  1,053  men  have  been 
killed.  This  table  does  not  necessarily  check  with  Table  3,  ior  the 
reason  that  it  includes  one  disaster  in  1869  not  shown  in  Table  3: 


DUK 

NUDIDllDide. 

Lwatlwiotmliu.                     KUtad. 

law  Bvt.  e 

IS  tSi'i 

-™i.u 

„ 

SI 
10 

1(M    Atff.    1 

I8B7    Sapt.20 

Dov.OUa 

10 

i^S 

sK 

—  - 

•  PIra  sod  exploakm  oomblned. 


H356'— BuIL  llfr— 16 6 


76        COAL-MINE  FATALITIES  IN  THE  UNITED  STATES,  1870-1914. 

it  also  includes  3  disasters  in  which  a  mme  fire  and  explosion  were 
combmed.  Table  47  shows  a  list  of  mine  fires  at  nunes  in  the  United 
ELingdom  that  were  due  to  spontaneous  combustion.  This  table 
brings  out  forcibly  the  dangers  due  to  spontaneous  combustion  of 
waste  material  stored  underground.  Too  much  care  can  not  be  exer- 
cised in  the  matter  of  taking  care  of  waste  material,  such  as  waste  in 
engine  rooms  and  pump  stations,  and  old  timbers,  which  may  be 
easily  ignited  should  they  come  in  contact  with  oil-saturated  waste. 
Timber  should  not  be  stored  with  the  mine  gob  where  oxidation  is 
likely  to  take  place,  as  it  will  add  fuel  to  a  fire  which  may  be  easily 
started.  All  inflammable  material  should  be  removed  from  the 
mines. 


Table  47.— LOSS  OF  LIFE  OCCASIONED  BY  FIRES  DUE  TO  SPONTANEOUS  COMBUSTION 
IN  MINES  IN  THE  UNITED  KINGDOM,  1893-1912,  INCLUSIVE.* 


Date  of 
aooldent. 


1804  Oct.  16 

1805  Oct.  20 
1896  Sept.  10 

1808  Apr.  19 

1809  Mar.  11 

1809  Oct.  20 

1901  Feb.  15 

1901  Nov.    7 

1902  Jnne  19 

1904  Aug.  28 
1005  June  24 

1905  June  25 

1905  Aug.  28 

1906  Apr.  27 
1906  May  26 

1906  June    1 

1907  July  14 

1907  Deo.  20 

1908  Dec.  23 
1010  Apr.  17 

lOU  No>v.  25 

1012  Feb.    2 

1912  Feb.  24 

1912  July    9 

1912  Oct.  27 


Total. 


Name  of  mine. 


Harecastleand 
Woodshutts. 


Oldfield 

Shelton 

Whltwlck 

CadebyMaln.. 

Dalqbuarran.. 
milofBeath.. 

Talk  o' the  HIU 


Hamstead. 
Melgund.. 


Coneygre,  No. 

126  pit. 
HadenHUl.... 
Hamstead 


Lumphinnans, 
No.  1  pit. 

Bog,    Nos.    1 
and  2  pits. 

Court  Herbert. 


Aldridge.. 
Lochhead. 


Calremcre 

Windmlllend, 

No.  5  pit. 
Blgnair  mil, 

Jamage  pit. 
Bentley 


Norton 

CadebyMaln.. 
CaeDuke 


County. 


North  Staffordshire. 


do.... 

do.... 

Leicester.. 
Yorkshire. 


Ayrshire. 
Fife 


North  Staffordshire. . 
South  Staffordshire . . 

Fife 

South  Staffordshire . . . 


.do. 
.do. 


Fife 

Lanark.... 
Glamorgan. 


South  Staffordshire. 
Fife 


Worcester. 
....do.... 


North  Staffordshire. . , 
Yorkshire , 


North  Staffordshire . . 

Yorkshire , 

Olamor^m 


Number 
kUled. 


2 
1 

35 
2 

1 

7 

4 

2 

1 

1 

2 
1 

2 

2 

5 

1 
3 

3 
2 

6 

8 

1 
88 

1 


177 


Number 
injured. 


6 
2 


1 
4 


14 
4 
1 


37 


Reported  cause  of  death. 


Skull  fractured  by  explo- 
sion blowing  out  stop- 
ping. 

Suffocated  by  fumes  and 
smoke. 

Carbon  munozlde  poison- 
ing. 

Suffocated  by  fumes  from 
burning  timbers. 

Explosion  ignited  by  gob 
fire  whUe  working  in  a 
"scouring." 

Suffocated  by  fumes;  gob 
fire. 

PoiK>ned  by  carbon  mo- 
noxide leaking  through 
stoppings. 

Explosion  Ignited  by  gob 
fire. 

Carbon  monoxide  pofaon- 
ing. 

Suffocated  by  i»n)ducts  of 
combustion. 

Carbon     monoxide     and 
black  damp  poisoning. 
Do. 

Carbon  monoxide  poison- 
ing. 
Do. 

Carbon  monoxide  suffoca- 
tion. 

Shock  of  explosion  ignited 
bv  gob  Are. 

Suffocated  by  fumes. 

Carbon  monoxide  poison- 
ing. 

Severe  bums. 

Carbon  monoxide  poison- 
ing. 

1)0. 

Explosion  ignited  by  goib 
fire. 
Do. 
Do. 
Carbon  monoxide  poison- 
ing. 


o  First  report  of  the  departmental  committee  on  siwntaneous  combustion  of  coal  in  mines,  Home  Office, 
London,  1914. 
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Table  48  shows  by  causes  and  States  the  total  number  of  f  ataUties 
due  to  explosives,  during  periods  of  inspection  service  for  which  con- 
tinuous records  are  available.  The  fatality  rates  due  to  explosives 
from  1870  to  1914  are  shown  in  figure  3.  In  Table  48  are  tabulated 
3,675  fatalities  due  to  the  use  of  explosives  undergroimd.  This  table 
has  been  divided  into  14  subheadings  showing  various  causes  of 
accidents  while  using  explosives,  and.  it  will  be  noted  that  24.87  per 
cent  are  due  to  premature  blasts,  16.79  per  cent  to  handling  and  trans- 
portation, 16.71  per  cent  to  flying  pieces  of  rock  or  coal.  The  nimiber 
of  fatalities  due  to  striking  unexploded  charges  in  removing  debris 
is  small,  only  three  being  reported.  The  small  number  of  fatalities  due 
to  thawing  of  explosives  is  largely  accounted  for  by  the  fact  that 
black  powder  is  used  to  such  a  large  extent  in  the  coal  mines.  Dyna- 
mite is  not  used  so  extensively  and  hence  there  are  not  so  many  acci- 
dents due  to  thawing  as  in  the  metal  mines,  where  dynamite  is  used 
almost  exclusively.  Of  the  27  fatalities  due  to  thawing  explosives, 
21  occurred  in  the  anthracite  mines  of  Pennsylvania,  where  a  large 
amount  of  dynamite  is  used.  The  table  presents  a  detailed  study 
which  has  not  heretofore  been  available,  and  it  is  hoped  that  it  will  be 
of  some  special  use  to  safety  engineers  in  forming  rules  and  regulations 
concerning  the  use  of  explosives. 

The  table  also  gives  the  percentage  of  f atahties  and  the  rate  per 
1,000  men  employed.  In  Kansas  and  North  Dakota  nearly  one- 
fourth  of  all  coal-mine  fatahties  is  due  to  the  use  of  explosives. 
Although  in  Indiana  19.44  per  cent  and  in  Oklahoma  15.77  per  cent 
are  due  to  this  cause,  the  average  for  the  United  States  is  7.59  per 
cent. 

Table  49  gives  the  number  of  fatalities  due  to  explosives  in  and 
about  the  anthracite  mines  of  Pennsylvania  from  1870  to  and  includ- 
ing 1913.  This  table  shows  that  1,835  fatahties  were  due  to  this 
cause  fiilone,  of  which  1,790  were  underground,  as  indicated  in  Table 
48.  Table  49  also  shows  the  fatahty  rate  per  1,000  men  employed 
as  being  0.225  in  1870.  This  rate  fluctuates  more  or  less,  but  it  has 
more  than  doubled  in  recent  years,  ranging  from  0.414  ia  1909  to 
0.540  in  1908  and  0.427  in  1913.  The  average  fatality  rate  per 
1,000  men  employed  in  the  anthracite  field  during  the  entire  period 
of  44  years  is  0.354,  as  compared  with  0.05  in  the  bituminous  fields 
of  Pennsylvania,  in  which  there  were  185  fatahties  as  compared  with 
1,790  in  the  anthracite  field. 

Anthracite  coal  being  much  harder  than  bituminous  coal,  more 
nearly  approaches  metal-mining  operations,  and  of  course  larger 
quantities  of  more  powerful  explosives  are  required.  Table  50 
shows  that  the  amount  of  explosives  used  in  the  anthracite  field  is 
practically  three  times  the  amount  used  in  the  bituminous  mines  of 
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PezmsylTania.  In  1913  the  bituminous  fields  used  14,652,931 
pounds  of  black  powder  as  compared  with  44,001,660  pounds  in  the 
anthracite  mines.  The  bituminous  mines  for  the  same  year  used 
696,162  pounds  of  dynamite,  whereas  the  anthracite  mines  used  in 
the  same  period  16,093,035  pounds.  The  amount  of  permissible 
explosives  used  in  the  bituminous  fields  was  6,715,028  pounds  as 
compared  with  3,323,645  in  the  anthracite  fields.  Records  showing 
the  use  of  permissible  explosives  are  not  complete  prior  to  1909. 

Tabub  40.— fatalities  IN  AND  ABOUT  THE  ANTHRACITE  lONES  OF  PENNSYLVANIA 

DUE  TO  BXPLOSIYBS. 
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10 
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9 

19 

5 

10 

9 

17 

15 

18 

5 

3 

1 
1 
1 

•  •  a  a 

.348 

1802 

.279 

18S8 

1 
1 
2 

1 
6 

1 
1 
2 
1 
2 

'2* 
3 

**3' 
2 
2 

16 
7 
3 
2 
6 
6 

.308 

1804 

•  m 

.350 

1806 

3 

A 

.364 

1806 

.255 

1807 

« 

.340 

1898 

1 

■   a   •  « 

.234 

1809 

.251 

1900 

2 
3 

1 
1 
2 
2 
1 
1 
1 
1 

""2 
...... 

.298 

WOl 

1902 

1 

.372 
.209 

1903 

11 
11 

12 
14 
14 

5 
7 

112 
13 

99 

.399 

1904 

1 
2 

1 
2 

1 

.449 

1906 

6 

1 

. . . . 

.381 

1906 

1907 

1 

""2 

.530 
.532 

1908 

1900 

.... 

4 
1 

•  •  ■  ■ 

2 

3 
3 
1 
4 

3 

1 

2 

1 

.540 
.414 

1910 

.502 

1911 

2 
1 

.606 

1912 

.460 

1913 

2 

.427 

Total.. 

32S 

7 

318 

10 

10 

25 

4 

21 

89 

1 

88 

591 

8 

583 

.... 

438 

12 

420 

128 

9 

77 

10 

3 

86 

1,835 
545 

1,790 

.354 

Under- 
gfoand. 

126 

9 

77 

10 

3 

26 

«  Based  on  total  employees  as  given  in  Table  124. 
»  TTMtlnded  in  the  2^  sor&oe  fatalities.  Table  5. 
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The  number  of  fatalities  per  10,000  men  employed,  due  to  explo- 
Bives  used  in  the  bituminous  coal  mines  of  the  United  States  from 
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PrausE  £,— Numbar  of  men  killed  per  10,000  empto^^ed,  b;  exploslvej,  ta  the  bituminous  coal  mines  tA 
\he  United  States,  compared  with  tbe  amount  at  pemdsaible  eip1osIv«a  used,  tWl-lU4.  (Baaed  on 
Table  6S.) 

1901  to  1914,  inclusive,  are  shown  in  figure  5.  The  figure  also  shows 
the  amount  of  permissible  explosives  used  for  the  same  period.  This 
period  is  taken  for  the  reason  that  in  1901  there  were  no  permissible 
explosives  used  in  the  coal  mines  of  the  United  States.    In  1902  this 
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dass  of  explosives  was  introduced,  there  being  .1 1 ,300  pounds  used 
during  that  year.  In  preparing  this  chart,  the  amount  of  permissible 
explosives  used  in  the  anthracite  mines  has  been  eliminated,  leaving 
the  figures  for  bituminous  mines  only.  This  chart  shows  the  rapid 
increase  in  the  use  of  permissible  explosives  and,  at  the  same  time,  a 
corresponding  decrease  in  the  fataUty  rate.  None  of  the  serious 
mine  disasters  have  been  attributed  to  permissible  explosives.. 

Table  51  shows  the  amount  of  black  powder,  high  explosive  other 
than  permissible,  and  permissible  explosive  used  in  the  coal  mines 
of  the  United  States,  geographically  grouped,  wherein  the  mining 
conditions  are  more  or  less  of  a  similar  character.  This  table  is  for 
the  two  years  1913  and  1914. 

Table  51.— QUANTITY  OF  KXFIiOSIVES  USED  IN  THE  COAL  HINES  OF  THE  UNITED 

STATES  DUBINO  1013  AND  1914.« 


Ifarylaiid  and  Virginia. 

Fennsvlvaoiiia 

W«st  Virginia. 

Geaig;ia  and  North  Carolina 

Indiaiiaaad  Eeatucky 

Tl»w^i« 

Ohio 

Alabama  and  TeimflBsee 

Ifirhigin. 

lofra,  KJanflas.sndlQssourl 

Arkansas,  Okuhoma,  and  Texas 

u«itflTt^  North  Dakota,  Soath  D«^ 
kota.and  Wyoming 

Ootocaao,  New  Ifezico,  and  Utah 

Alaaka,  Idaho,  Oregon,  and  Wash- 
ington.. ................••■••••••.•.; 

CUincnia  and  Nevada , 

Total 


Quantity  of  explosives  used. 


Black  blasting 
powder.fr 


1913 


Keg9. 

124,239 
2,535,098 

614,392 
7,900 

762,815 
1,269,974 

305,581 

815,942 
21,421 

875,691 

300,390 

161,082 
82,416 

9,940 
802 


7,396,683 


1914 


Kega. 

103,250 
2,477,542 

566,692 
5,400 

764,308 
1,195,026 

192,097 

247,327 
28,990 

941,702 

294,177 

158,270 
84,641 

13,115 


7,072,5C6 


High  explosives,  other 
than    permissible 
explosives. 


1913 


Pound*. 

471,476 

18,198,494 

645,425 

5,680 

699,201 

172,300 

62,300 

722,610 

20,125 

1,433,550 

455,060 

145,975 
615,670 

473,568 
24,650 


24,143,133 


1914 


Pounds. 

286,500 

19,204,406 

510,725 

2,800 

208,734 

143,450 

547,700 

913,775 

31,900 

1,076,450 

665,770 

154,150 
243,760 

225,825 


24,215,945 


PormisBible  explo" 
sives. 


1918 


Pounds, 

134,000 

9,622,475 

8,282,560 


482,250 

1,569,176 

6,650 

4,481,975 


21,125 
356,500 

252,625 
1,381,950 

167,600 
45,400 


21,804,285 


1914 


Pounds. 
441,826 
8,980,625 
2,904,448 


564,525 

1,827,576 

11,200 

2,962,363 


15,237 
896,700 

261,850 
1,534,900 

163,643 


19,593,882 


•  Fay,  A.  H.,  Production  of  explosives  in  the  United  States  during  1914,  Tech.  Paper  107, 1915,  pp.  10-12. 
b  Kega  of  23  pounds  each. 

QUANTITY  OF  EXPLOSIVES  USED  IN  THE  COAL  MINES  OF  WEST  VntGINIA.a 


Year. 

Number  of 
operators 
reporting. 

Black 
powder. 

Dynamite. 

Sooalled 

safiety 

powder. 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

395 
409 
460 
498 
458 
580 
603 
678 
696 

Keas. 
873,669 
447,306 
443,969 
425,342 
391,282 
459,273 
409,312 
409,540 
(*) 

Pounds. 

Pounds. 

788,049 
281,529 
303,646 
141,209 
114,680 

(*) 

453,074 
1,170,861 
1,661,861 
8,022,682 
3,430,759 
2,010,823 

a  Compiled  from  State  mine  inspectors'  reports,     b  Not  given. 
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YEARLY  SALES  OF  8H0BT-FLAMB  EXPLOSIVES  USED  IN  COAL  lONES  IN  THE  UNITED 

STATES,  1901-1914.a 


Year. 


1901. 
1903. 
1903. 
1904. 
1906. 
1906. 
1907. 


Quantity 
sold. 


Pounds, 


11,300 

288,061 

606,270 

1,031,800 

1,533,575 

2,095,244 


Year. 


1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 


Quantity 
sold. 


Pounds. 
2,106,610 
8,942,857 
11,820,836 
13,428,239 
18,150,618 
21,804,285 
19,503,892 


o  Fay,  A.  H.,  Prodoction  of  exploslyes  in  the  United  States  during  1914:  Tech.  Paper  107,  Bureau  of 
Mines,  1915,  p.  13. 

QUANTITY  OF  PERMISSIBLE  EXPLOSIVES  USED  IN  DIFFERENT  COAL  FIELDS  IN  THE 

UNITED  STATES,  1910-1914.a 


Coal  iields  and  regioos. 


1.  Pennsylvania anthiadto field.. 

2.  Northon  Appalachian  region  b 
8.  Southern  Appalachian  region. . 

4.  Eastern  interior  field 

fi.  Western  interior  fi«ld 

6.  Rooky  Mountain  region 

7.  Paoino  coast  region 

Total 


1910 


Pounds. 

1,486,100 

5,967,216 

8,188,786 

165,975 

196,560 

806,200 

8,000 


11,820,836 


1911 


Pounds. 

1,917,412 

6,350,272 

8,377,268 

337,012 

255,060 

1,177,075 

14,150 


13,428,239 


1912 


Pounds. 

2,177,172 

9,190,025 

3,995,485 

751,005 

440,^5 

1,473,129 

122,977 


1913 


Pounds. 

3,294,225 

9,744,810 

4,481,975 

2,058,075 

377,625 
1,634,575 

213,000 


1914 


Pounds. 
4,380,635 
7,966,464 
3,510,013 
1,364,450 

411,937 
1,796,750 

163,643 


18,150,618 


21,804,285       19,503,892 


a  Fay,  A.  H..  Productloa  of  explosives  in  the  United  States  during  1914:  Tech.  Paper  107,  Bureau  of 
Mines,  1915,  p.  13. 
b  Not  including  Pennsylvania  anthracite  field. 


FALLS  OF  BOOF. 

Table  52  shows  the  number  of  fatalities  due  to  falls  of  roof  and 
pillar  coal  in  and  about  the  coal  mines  of  the  United-  States,  by- 
States,  during  periods  ending  December  31,  1913,  for  which  contin- 
uous records  are  available.  During  these  various  State  periods 
there  were  23,011  fatalities  due  to  falls  of  rock  and  coal  alone.  This 
represents  47.49  per  cent  of  the  total  number  of  fatalities,  or  a  fatahty 
rate  of  1.57  per  1,000  men  employed.     (See  fig.  3.     Pis.  I  and  II.) 

It  is  not  always  in  the  mines  having  the  strongest  roof  where  the 
least  number  of  fatalities  occur.  TVhen  a  mine  is  known  to  have  a 
bad  roof,  the  miner,  foreman,  and  all  others  concerned  will  take 
special  precautions  to  use  plenty  of  timber  to  keep  the  roof  in  place. 
Furthermore,  the  roof  will  be  tested  frequently  and  the  miner  will 
be  on  the  lookout  at  all  times  when  he  knows  that  roof  conditions 
are  bad.  With  a  strong  roof,  however,  such  precautions  are  not 
taken.  The  miner  and  the  foreman  consider  the  roof  safe  and  give 
it  no  further  thought.  This  leads  to  negligence,  and  as  a  result 
many  of  the  f ataUties  due  to  roof  falls  happen  where  roof  conditions 
are  considered  the  best. 
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Tabu  52.— NUMBER  OF  MEN  KILLED  BY  FALLS  OF  HOOF  AND  FILLAB  COAL  IN  THE 

COALMINES  OP  THE  UNITED  STATES,  BY  STATES,  DURING  PERIOD  SHOWN  ENDED 
DEC.  SI,  1913,  FOR  WHICH  CONTINUOUS  RECORDS  ARE  AVAILABLE,  a 


Number  of 

yean  in 

period 

ended  Dec. 
31, 1913. 

Number  kOled. 

State. 

Total. 

Percent. 

Per  1,000 
employed. 

AHitw?m. 

21 

9 
28 

6 
29 
19 
26 
21 
26 
23 
14 
26 
14 
21 

6 
30 
21 

6 
44 
36 
23 

6 
22 

6 
25 
29 

6 

713 

65 

852 

6 

1,616 

306 

426 

250 

316 

127 

51 

235 

88 

160 

6 

1,509 

163 

1 

7,378 

5,393 

361 

16 

95 

131 

182 

2,452 
114 

38.31 
60.75 
49.02 
85.71 
47.40 
46.07 
69.00 
49.05 
49.76 
67.73 
62.04 
62.17 
65.34 
28.17 
46.16 
65.84 
20.99 
33.33 
41.65 
66.93 
42.03 
64.00 
26.76 
62.19 
28.44 
61.64 
47.30 

ZOl 

L46 

(>hinid4>.                         „ 

3.50 

Gforas 

2.60 

TlliiK^ ,  .  . , 

LIO 

TiultaDa 

.97 

Iowa. 

1.31 

Kffn^^  icky 

1.20 
.96 

V«ry|||n4 

1.06 

irw^{M]T                                 

L13 

MisKxiri 

LIO 

2.15 

NfTBf  Mexi<To 

3.22 

^fflrth  Tiajrot* 

L44 

ft^w .  .  .,. 

1.57 

L14 

OfWgpw  »,,..«,«,..,..,.................,............... 

.90 

TVomKylTnniA  f ailthncitt^) .... 

1.42 

Pwiiwyivania,  <  bituminms) 

1.64 

TenzKflsw 

LSI 

TffXM 

.67 

2.48 

VfrvfnfaL       ,    . . 

3.33 

L76 

WfSft  Virgtnffr. 

2.57 

2.46 

23,011 

47.49 

L67 

•  This  table  is  based  on  Table  5,  and  is  for  periods  indicated  by  States  for  which  continuoiis  records  are 
svailable.  It  does  not  necessarily  check  with  Tables  3  and  4  for  the  reason  that  the  latter  tables  include 
intermittent  records  prior  to  the  period  having  oontinuous  records. 

Falls  of  roof  form  the  principal  cause  of  accidents  in  coal  mines, 
a  fact  that  should  command  the  serious  attention  of  the  inspectors, 
operators,  mine  foremen,  and  the  miners.  Roof  falls  are  bound  to 
happen,  yet  with  proper  precautions,  use  of  sufficient  timber,  and 
care  on  the  part  of  the  foremen  and  miners  the  number  of  accidents 
from  this  cause  should  be  reduced  to  a  considerable  extent. 


HATTLAGB  SYSTEMS. 

Table  53  shows  the  number  of  men  killed  underground  by  mine 
cars  and  locomotives  covering  periods  for  which  continuous  records 
are  available,  including  1913.  This  class  represents  one-eighth  of 
the  total  number  of  men  killed  in  and  about  the  coal  mines,  or  0.42 
per  1,000  men  employed.  During  the  periods  covered  6,056  men 
were  killed  by  mine  cars  and  locomotives.  (See  fig,  3 .  Pis.  I  and  II.) 
This  number,  however,  does  not  include  accidents  due  to  electricity 
on  haulage  systems  nor  injuries  inflicted  by  animals.  Details  relat- 
ing to  haidage  systems  of  all  of  the  various  States  are  not  available, 
but  as  an  example  to  show  the  character  of  haulage  used  it  has  been 
possible  to  prepare  tables  for  Illinois,  Ohio,  West  Virginia,  and  the 
anthracite  and  bituminous  mines  of  Pennsylvania. 
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Table  54  shows  the  number  of  horses  and  mules  and  steam,  elec- 
tric, and  compressed-air  locomotives  used  in  the  Pennsylvania  coal 
mines  from  1898  to  1913.  The  number  of  animals  used  in  anthra- 
cite haulage  has  not  changed  materially  during  this  15-year  period. 
The  number  of  steam  locomotives  has  practically  doubled,  the 
number  of  electric  locomotives  has  increased  from  24  to  781,  and 
the  number  of  compressed-air  locomotives  has  increased  from  10  to 
161.  The  number  of  horses  and  mules  used  in  bituminous  haulage 
in  Pennsylvania  has  doubled  during  this  period.  The  number  of 
steam  locomotives  has  increased  but  slightly,  whereas  the  number  of 
electric  locomotives  has  increased  from  122  in  1899  to  1,933  in  1913. 
The  use  of  compressed-air  locomotives  has  increased  in  about  the 
same  ratio  as  in  the  anthracite  field,  there  being  13  in  1899  and  168 
in  1913. 

Tablb  83.— number  OF  MEN  KILLED  UNDERGROUND  BY  MTKB  CARS  AND 
IfOCOMOTITBS  IN  THE  COAL  MINES  OF  THE  UNITED  STATES,  BY  STATES, 
DURING  PERIOD  SHOWN  ENDED  DEC  81, 1913,  FOR  WHICH  CONTINUOUS  RECORDS 
ARE  AVAILABLKo 


State. 


Alabama. 
Arkansas. 
Gdiorado. 


Georgia. 

nUnois 

Indiana 

Iowa 

Kansas 

Kontucky 

Maryland , 

Micnigan. 

Missouri 

Montana 

New  Mexico 

North  Dakota. 

Ohio 

Oklahoma 

Oregon 

Pennsylvania  (anthracite) . . 
Pennsylvania  (bitominoos). 

Tennessee 

Texas 


Utah 

Virginia 

Washington.... 
Westvfiginia.. 
Wyoming 


Total. 


Namber  of 
years  in 

Seriod 
edDec. 
31, 1913. 


31 

9 
28 

5 
29 
19 
26 
21 
26 
23 
14 
26 
14 
21 

6 

30 
21 

5 
44 
36 
23 

5 
22 

5 
25 
29 

6 


Number  killed. 


Total. 


193 

2 

141 


414 

75 

76 

12 

46 

30 

2 

19 

23 

43 

2 

277 

78 


2,403 

1,452 

49 

2 

25 

32 

81 

557 

22 


6,056 


Percent. 


10.37 
1.87 
8.11 


12.14 

11.04 

10.53 

2.27 

7.26 

13.64 

2.04 

6.03 

14.47 

7.67 

15.38 

12.08 

10.70 


13.56 

15.33 

5.70 

8.00 

7.04 

12.75 

12.65 

11.73 

9.13 


12.50 


Per  1,000 
employed. 


0.56 
.05 
.58 


.30 
.24 
.28 
.06 
.14 
.25 
.04 
.09 
.56 
.87 
.48 
.20 
.58 


.46 
.44 

.25 
.08 
.65 
.81 
.78 
.58 
.48 


.42 


a  This  table  is  based  on  Table  5  and  is  for  periods  indicated,  by  States,  for  which  oontidnous  records  are 
available.  It  does  not  necessarily  check  vrith  Tables  3  and  4  for  the  reason  that  the  latter  tables  Include 
intermittent  records  prior  to  the  period  having  continuous  records. 

In  1900  of  the  total  amount  of  coal  mined  in  Illinois,  6.6  per  cent 
was  transported  by  electric  haulage  undergroimd,  10.1  per  cent  by 
cable  haidage,  and  84.4  per  cent  by  horse  and  mule  haulage.  In 
1912  the  electric  haulage  systems  handled  67.7  per  cent,  the  cable 
haulage  0.7  per  cent,  and  horse  and  mule  haulage  31.6  per  cent.  In 
figuring  these  percentages  the  amount  of  coal  handled  by  hand  and 
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Table  55.->PERCENTAGB  OF  COAL  HANDLED  UNDERGROUND  IN  ILLINOIS  MINES 
BY  ELECTRIC,  ROPE,  AND  ANIMAL  HAULAGE  WITH  FATALITIES  DUE  TO  HAULAGE 
SYSTEMS. 


Year. 

Percentage  of  ooal  hauled  by  a— 

Number  of  men  killed 
In  haulage  accidents. 

Electric 
haulage. 

Ropesye- 
tem. 

Animals. 

Total. 

Per  1,000 
employed. 

1000 

5.5 
8.1 
8.5 
10.8 
U.3 
12.4 
19.1 
85.9 
40.0 
45.8 
49.5 
60.5 
67.7 

10.1 
10.5 
9.7 
8.1 
4.1 
8.8 
4.4 
0.1 
6.7 
2.9 
5.3 
4.7 
.7 

84.4 
81.4 
8L8 
8L1 
84.6 
83.8 
76.5 
58.0 
53.3 
51.3 
45.2 
34.8 
31.6 

13 
12 
16 
20 
18 
21 
23 
41 
27 
21 
33 
43 
44 

0.332 

1901 

.287 

1902 

.337 

1903 :... 

.395 

1904 -.... 

.329 

1905 

.362 

1906 

.378 

1907 

.625 

1908 

.307 

1909 

.346 

1910 

.454 

1911 

.568 

4912 

.563 

a  Calculated  from  data  published  in  the  State  mine  inspectors'  annual  reports. 


Table  66 

.—SUMMARY  OF  THE  NUMBER  OF  MINE  LOCOMOTIVES  IN  WEST  VIRGINIA 
DURING  THE  FISCAL  YEARS  ENDING  JUNE  30, 1899-1913,  INCLUSIVE.a 

Year. 

Number 

of 
mines 
using 

looomo* 
tives. 

Number  of  locomotives  in  use. 

• 

Electric. 

Steam. 

Com- 
pressed 
air.  . 

Gasoline. 

TotaL 

■ 

63 
72 
96 
109 
145 
168 
243 
281 
833 
404 
402 
483 
447 
480 
502 

24 

43 

78 

107 

154 

206 

253 

335 

439 

500 

723 

888 

921 

1,194 

1,365 

64 
69 
60 
64 
74 
77 
90 
83 
76 
81 
78 
72 
54 
62 
46 

3 
4 
8 

I 

6 
3 
3 
4 

5 
10 

7 
33 
38 
40 

91 

1900 

116 

1901 

141 

1902 

178 

1903 

881 

1904 

tw 

1905 

8i6 

1906 

m 

1907 

519 

1906 

t7i 

1900 

811 

1910 

967 

1911 

1,008 
1,811 
1,479 

1912 

17 
28 

1913 

a  Compiled  from  State  mine  inspector's  annual  reports. 

other  Haulage  was  small  and  was  therefore  disregarded.  Table  55 
shows  the  percentage  of  coal  handled  by  the  three  systems.  The 
fatalities,  shown  in  a  parallel  column;  include  in  addition  to  those 
due  to  mine  cars  and  locomotives  underground,  13  fatalities  due  to 
ATiimalfl  and  8  fatalities  from  electric  shock  as  being  attributable  to 
the  haulage  system.  The  table  shows  in  general  an  increasing  rate, 
which  is  due  not  so  much  to  electricity  as  to  the  more  rapid  transit  and 
the  nearer  approach  to  railroad  operations. 

Table  56  shows  the  number  of  mine  locomotives  in  use  in  West 
Virginia  from  1899  to  1913.  The  number  of  mines  using  locomotives 
in  1899  was  63,  while  in  1913  it  was  502.  The  number  of  electric 
locomotives  has  increased  from  24  in  1899  to  1,365  in  1913.  The 
number  of  steam  locomotives  has  decreased  shghtly,  having  dropped 
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from  64  in  1899  to  46  in  1913.  The  use  of  compressed-air  locomotives 
has  not  increased  and  in  1912  gasoline  locomotives  were  introduced, 
17  being  installed  in  that  year  and  28  in  1913. 

Table  57.— MININa  HACHINES  AND  ELECTRIC-HAULAQE  ICOTORB  IN  OmO  MINES.a 


100... 
1891... 

lan... 

18B3... 
ISM... 
1885... 
1806... 
1897... 
18W... 
1809... 
1900... 
1901... 
1903... 
VKB... 
1901... 
1905... 
1906... 
1907... 
1908... 
1900... 
1910... 
1011... 
1912... 
1913... 


Mfailng  nuehtiiM. 

Com- 

Eleetrio. 

pnsatA 
air. 

Total. 

4 

(») 

(6) 

15 

<*>-. 

(») 

35 

80 

114 

97 

103 

i::9 

41 

107 

148 

SO 

113 

171 

83 

83 

164 

130 

79 

209 

166 

67 

233 

194 

58 

253 

236 

44 

380 

323 

40 

833 

880 

40 

429 

537 

47 

574 

606 

78 

774 

888 

87 

975 

1,001 

145 

1,146 

1,110 

156 

1,266 

1,373 

124 

1,396 

1,816 

129 

1,445 

1,387 

12S 

1,395 

1,374 

99 

1,473 

1,457 

85 

1,542 

1,401 

58 

1,549 

1,604 

49 

1,653 

Electrlo- 
hauJage 
motors. 


1 

2 

2 

3 

3 

3 

3 

6 

10 

33 

38 

60 

63 

96 

143 

186 

214 

276 

350 

353 

405 

451 

486 

525 

612 


a  Compiled  from  the  amiual  reports  of  the  State  mine  inspector. 


A  Not  reported. 


In  Table  57  is  shown  the  number  of  electric  haulage  motors  used 
in  Ohio  from  1889  to  1913.  In  1889  there  was  only  one  electric 
haulage  motor;  in  1913  there  were  612.  The  table  also  shows  the 
increase  in  the  number  of  electric  and  compressed-air  mining  machines. 

ACdDBKTS  DX7B  TO  EIiBCT&ICiT  Y . 

Table  58  shows  the  number  of  fatalities  by  States  in  and  about  the 
coal  mines  due  to  electricity  since  its  introduction  into  the  mines. 
These  include  both  surface  and  underground  f atalities,  of  which  there 
were  710.  The  lai^est  percentage  of  this  number  of  fatalities  was 
due  to  direct  contact  with  the  trolley  wire.  This  group  represents 
practically  50  per  cent  of  the  total  number  of  fatahties.  The  next 
lai^est  group  is  that  due  to  contact  with  machine  feed  wire^  by  which 
131  were  killed,  representing  18.45  per  cent.  The  miscellaneous 
column  is  unfortunately  large,  inasmuch  as  sufficient  details  were  not 
given  in  the  description  of  the  individual  accidents  in  order  to  enable 
a  proper  classification  of  these  fatahties.  Many  of  them  were 
reported  simply  as  "electrocuted,"  no  details  whatever  being  given; 
hence  this  column  represents  128  fatahties,  or  18  per  cent  of  the  total. 
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In  Table  59  is  given  a  classification  of  accidents  due  to  electricity 
as  compiled  from  the  coal-mine  inspectors'  reports  of  Great  Britain. 
The  majority  of  the  fatalities  were  caused  by  alternating  current  at 
voltages  ranging  from  250  to  650.  It  is  to  be  expected  that  the 
majority  of  the  accidents  should  be  within  this  range  of  voltage,  as 
it  is  used  almost  exclusively  at  the  mines. 

Tablb  60.— number  of  ICEN  KILLED  BY  SHAFT  ACCIDENTS  IN  AND  ABOUT  THE 
COAL  MINES  OF  THE  UNITED  STATES.  BY  STATES,  DURING  PERIOD  SHOWN 
ENDED  DEC.  81, 1913,  FOR  WmCH  CONTINUOUS  RECORDS  ARE  AVAILABLE.a 


Stete. 


Alabamft 

Alaska  and  CaUIomia 

Arkansas 

Colorado 

Georgia  and  North  Carolina. 

Idaho  and  Nevada 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Maryland 

Michigan. 

Missouri 

Montana 

New  Mexico 

North  Dakoto 

Ohio 

Oklahoma 

Oregon 

Pennsylvania  (anthracite)... 
Pennsylvania  (bituminous) . 

Tennessee 

Texas 

Utah 

Virginia. 

Washington 

WestVfr^nia. 

Wyoming 


Total 


9 
■8 


Yean, 
£1 

4 

9 
28 

5 

4 
29 
19 
26 
21 
26 
23 
14 
26 
14 
21 

6 
30 
21 

5 
44 
30 
23 

5 
22 

5 
25 
29 

6 


13 


5 
17 


115 
31 
35 
19 
10 


2 
9 


33 
5 


520 

104 

1 


2 

1 

6 

43 


958 


b 


OH 

o 


14 


2 
8 


28 
2 
6 
6 
5 


2 
1 


6 
3 


105 
19 


3 
2 


m 


s. 


15 


14 


117 

36 

22 

25 

9 


6 

17 

1 


39 
14 


211 
90 


2 

22 

1 


i 
I 

I 

o 


16 


2 
2 


6 
2 
2 


1 
3 


7 
4 


2 


32 


8 

0 

8 

86 

0 

0 

866 

71 

65 

50 

84 

0 

10 

87 

1 

0 

0 

78 

85 

0 

8tt 

817 

1 

1 

8 

1 

18 

67 

1 


1,811 


|3 


0.43 


1.87 
2.07 


7.80 
10.46 
9.00 
9.47 
3.78 


10.20 

7.14 

.63 


3.45 
3.43 


4.76 
2.29 

.12 
4.00 

.84 

.40 
2.03 
1.41 

.41 


8.74 


1^ 


ao8 


.06 
.15 


.20 
.23 
.20 
.23 
.08 


.22 
.13 
.03 


.06 
.19 


.16 
.00 


.04 
.08 
.03 
.12 
.07 
.02 


.18 


a  This  table  is  based  on  Table  5,  and  is  for  periods  indicated,  by  States  lor  whidi  continuous  records  are 
available.  It  does  not  necessarily  check  witn  Tables  3  and  4  for  the  reason  that  the  latter  tables  include 
Intermittent  records  prior  to  the  period  having  continuous  records. 


MINE  SHAFTS. 

Table  60  shows  the  number  of  iatalities,  by  States,  due  to  accidents 
at  shafts  and  subdivided  into  four  different  groups,  as  falling  -down 
shafts,  objects  faUing  down  shafts,  cages  or  skips,  and  miscellaneous. 
During  the  period  represented  1,811  were  killed  by  shaft  accidents, 
of  which  number  843  occurred  in  and  about  the  anthracite  mines. 
The  large  number  of  fatalities  at  the  anthracite  mines  is  not  excep- 
tional for  the  reason  that  practically  all  of  the  mines  are  opened  by 
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shafts,  whereas  in  the  bituminous  mines,  except  some  in  the  Central 
and  Western  States,  the  majority  of  the  mines  are  opened  by  slopes  and 
drifts.  During  36  years  only  217  were  killed  by  reason  of  shaft  acci- 
dents at  the  Pennsylvania  bituminous  mines,  while  in  niinois  during  the 
2^year  period  266  men  were  thus  killed.  The  average  number  of  men 
employed  per  year  in  the  Pennsylvania  bituminous  mines  is  about 
twice  the  number  employed  at  the  Illinois  mines  (Table  7),  showing 
that  the  high  Illinois  rate,  which  is  more  than  three  times  as  high  as 
at  the  bituminous  mines  of  Pennsylvania,  is  due  to  the  fact  that  the 
mines  are  operated  through  shafts  instead  of  slopes  and  drifts.  The 
Illinois  mines  are  more  nearly  comparable  with  the  anthracite  mines 
in  this  respect. 

More  than  one-haU  of  all  fataUties  at  shafts  are  due  to  persons 
falling  down  the  shaft,  either  from  the  siu^ace  or  from  the  various 
landings.  Cages  and  skips  are  responsible  for  slightly  over  one-third 
of  the  shaft  accidents.  These  two  causes  offer  a  good  field  for  safety 
work,  and,  as  shown  in  Table  4  and  figure  1,  the  accidents  at  coal-mine 
shafts  are  being  reduced  by  reason  of  vigilance  on  the  part  of  the 
inspectors  and  the  installation  of  safety  devices  by  the  operators. 

SUBFACB  8CHOPS  AND  YARDS. 

Table  61  shows  the  number  of  men  killed  at  surface  works  about 
coal  mines  in  the  United  States  during  continuous  periods  as  indicated 
including  1913.  The  fatalities  recorded  in  this  table  do  not  include 
accidents  to  coke^ven  workers,  as  these  have  been  eliminated  in 
every  case  where  siufficient  information  was  given  to  identify  the 
victim  with  the  coking  industry.  The  number  of  surface  fatalities 
as  shown  is  3,573,  representing  7.37  per  cent  of  the  total  number  kQled 
iu  and  about  the  mines.  The  rate  per  1,000  men  employed  is  0.24. 
Of  the  total  number  killed  2,321  were  at  the  surface  workings  of  the 
anthracite  mines  and  a  large  percentage  of  these  were  killed  in  the 
breakers.  The  accidents  in  the  breakers  have  been  included  by 
reason  of  the  fact  that  this  is  one  of  the  branches  of  the  industry 
which  is  absolutely  necessary  to  prepare  the  coal  for  the  market. 
The  coke-oven  fatalities  of  the  bituminous  field  were  eliminated  for 
the  reason  that  they  are  considered  foreign  to  the  preparation  of  the 
coal  for  market.  It  is  a  second  step  in  which  the  coal,  so  to  speak,  is 
manufactured  into  another  product. 

Almost  one-half  of  the  surface  fatalities  are  due  to  mine  cars  and 
locomotives  and  railway  cars  and  locomotives,  thus  pointing  out  the 
need  for  closer  supervision  and  better  equipment  of  haulage  systems. 
Boiler  explosions  and  bursting  steam  pipes  are  responsible  for  214 
fatalities.  Machinery  claimed  775  victims,  629  of  which  were  at  the 
anthracite  mines  and  include  many  breaker  accidents. 

14355«— .BuU.  115— 16 7 
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TAMUt  01.— MXTMBEB  OF  MSN  KILLED  BY  SmiFACB  ACdDBNTS  ABOUT  THE  COAL 
MINES  OF  THE  UNITED  STATES  BY  STATES,  DURING  PERIOD  SHOWN  ENDED 
DEC.  31,  U13«  FOR  WHICH  CONTINUOUS  RECORDS  ARE  AVAILABLE.* 


State. 


AlaskB  and  California . 


Golorado , 

Owrgia  and  North  Carolina. 

Idaho  and  Nevada 

nUnofa 

Indiana 

Iowa 

Kansas 


7land. 


Michigan 

Missouri 

Montana 

New  Mexico 

Nortii  Dakota. 

Ohio 

Oklahonui 

Oregon... 

PeDnsylvania  (anthracite) . . 
FennsylTania  (taituminoiis). 

Texas 


Uti^. 

Vfrgioda. , 

Washington 

WestVfrginia., 
Wyoming 


Total. 


a 

a 

X 

I 

•8 


Years, 
21 

4 

9 
28 

6 

4 
29 
19 
26 
21 
26 
23 
14 
26 
14 
21 

6 
80 
21 

6 
44 
86 
28 

6 
22 

6 
25 
29 

6 


it 
s 


§ 


17 


21 


5 
2 
3 
1 

23 
12 


1 
2 


22 
4 


Ovv 

161 

21 

1 

6 

8 

12 

156 

3 


1,183 


I 


1 


IS 


8 
14 


1 
1 


13 


41 


I 


19 


11 


1 
3 


26 


2 
2 
1 


1 
3 


6 
2 


629 

57 

1 


9 
19 


775 


i 


I 


2 

i 


15 
1 
6 
1 
8 


18 
1 


118 

35 

1 


3 
2 
1 


n4 


56 
10 
7 
8 
9 
4 
1 
1 
3 


20 
1 


228 

46 

3 


3 
3 
1 
28 
2 


416 


8 

I 

o 


10 
14 


31 
8 
8 
5 

10 
5 
2 
1 
3 
1 


19 
9 


669 

92 
7 


2 

6 
10 
61 

1 


o 


0 

1 

49 

0 

0 

134 

16 

19 

17 

47 

81 

5 

4 

9 

4 

0 

87 

17 

0 

8,881 

406 

88 

1 

15 

18 

85 


8,578 


I 

1 
I 


L50 


.94 
2.82 


3.93 
2.36 
2.63 
8.22 

7.40 

laoo 

5.10 

L06 

5.66 

.70 


3.80 
2.33 


13.10 
4.28 
3.84 
4.00 
4.23 
7.17 
5.47 
5.88 
2.91 


7.87 


It 


0.06 


.02 
.20 


.10 
.06 
.06 
.08 
.15 
.19 
.11 
.03 
.22 
.06 


.00 
.13 


.45 
.12 
.16 
.04 
.39 
.46 
.88 
.29 
.15 


•  This  table  is  based  on  Table  5,  and  is  for  periods  indicated,  by  States  for  which  oontinnous  records  are 
available.  It  does  not  necessarfly  check  with  Tables  3  and  4,  for  the  reason  that  the  latter  tables  indnda 
tatermlUent  records  prior  to  the  period  having  contlnnoiu  records. 

ACCIDENTS  CLASSIFIED  BY  OCCUPATION. 

Data  for  mine  accidente  as  related  to  the  occupation  of  the  employee 
are  far  from  complete.  Many  of  the  mine  inspectors'  reports  give 
the  occupation  of  the  man  who  has  been  fatally  injured,  and  from 
these  reports  it  is  an  easy  matter  to  actually  compile  figures  for  cer- 
tain States  showing  the  total  number  killed  in  each  occupation. 
However,  these  reports,  with  but  one  or  two  exceptions,  fail  to  give 
the  actual  number  of  men  employed  in  the  specified  occupations,  and 
since  data  of  this  character  are  lacking,  it  is  not  possible  to  arrive  at 
any  true  comparative  hazards  for  the  various  occupations.  The 
fatality  figures  may  show  a  larger  number  of  men  killed  in  one  occu- 
pation, possibly  ten  times  as  many,  than  in  some  other  class  of  work. 
At  the  same  time,  there  may  be  twenty  times  as  many  men  engaged  in 
this  particular  work,  so  that  the  hazard  would  not  be  as  great  as  iadi- 
cated  by  the  actual  number  of  men  killed.    For  example,  th^re  are  rela- 
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tirely  few  shot  fireis  in  the  mines  as  compared  with  other  miderground 
employees,  and  the  actual  nmnber  of  shot  firers  killed  is  theretore 
much  smaller  than  in  some  other  occupations,  yet  it  is  an  extremely 
hazardous  occupation.  To  obtain  the  relative  hazard  of  each  occu- 
pation the  number  engaged  therein  is  necessary. 

Mine  inspectors'  reports  for  the  State  of  Pennsylvania  from  1902 
to  1913,  inclusive,  show  both  the  number  of  men  killed  in  certain  of 
the  principal  occupations  and  the  corresponding  number  of  men 
employed  therein.  Table  62  shows  fatalities  by  occupations  in  the 
anthracite  mines  from  1881  to  1913,  inclusive.  The  corresponding 
numb^  of  men  employed,  however,  is  shown  only  for  miners  and 

1  2  3  4  6  « 


r 


I 


T 


IftM  foremen  andaasirtants. 

Driven  and  nmnais 

Fire  txMMS  and  assistants. . . 

Door  bo3rs ~ 

MJneis' laboran 

Machine  mnners 

tseiapers 

^loaders 

AUottMCS 


y^^CCC^^>i'>>y>^. 


^y>i^>^^:^C'^o^>^<x^yi^c^y^i<<>>^^>^^ 


^^5i^^^5i^5i5^^5^5^5.55<>5i^5^^i^%fiii^5i>5' 


5^i<55<55^^?i-^^5*5!>&55^^ 


^^^^^-^i-^^^^^^fS^^^^C^^^iJii^^^SJJ 


Anthradte 


Bitumfnouft  ^0 


Fmrikb  6.~AverBge  number  of  men  killed  per  thousand  employed  in  anthracite  and  bituminous 
mines  of  PennsylvanJa,  by  oooupatlon,  1902-1913.    (Based  on  Tables  62  and  63. ) 

miners'  laborers.  Beginning  with  1 900  complete  figures  to  and  includ- 
ing 1913  are  given  for  the  number  killed,  as  well  as  the  number  employed 
in  the  various  occupations.  The  highest  fatality  rate  is  for  the  anthra- 
cite miners,  which  averages  for  the  period  1900  to  1913,  6  per  1,000 
men  employed.  The  fatality  rate  for  the  miners'  laborers  is  4.29  per 
1,000  employed.  The  fatality  rate  for  fire  bosses  and  assistants  is 
3.86,  as  compared  with  4.29  in  the  bituminous  mines.  The  rate  for 
mine  foremen  and  assistants  is  also  higher,  being  2.28  as  against  1.86 
in  the  bituminous  mines.  The  relative  occupational  hazards  for  the 
two  periods  covered,  for  both  the  anthracite  and  bituminous  coal 
mines  of  Pennsylvania,  are  graphically  shown  in  figure  6. 
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Table  63  shows  the  nmnber  of  men  employed  and  number  killed, 
dassified  by  occupations,  in  the  bituminous  mines  of  Pennsylvania 
from  1902  to  1913,  inclusive.  During  the  12-year  period  the  fatality 
rate  for  miscellaneous  employees  was  5.35  per  1,000  men  employed; 
fire  bosses,  4.29;  drivers  and  runners,  3.96;  and  miners,  3.83. 

NONFATAL  INJURIES  IN  COAL,  BONES  IN  THE  UNITED  STATES. 

There  are  no  complete  records  of  the  nonfatal  injuries  at  the  coal 
mines  in  the  United  States.  In  1911  the  bureau  colle<^ted  direct 
from  the'  operators  statistics  relating  to  nonfatal  injuries  for  that 
year.  The  number  of  serious  *  injuries  reported  was  9,106  and  of 
slight  injuries,  22,228.  These  reports  were  doubtless  incomplete,  as 
many  of  the  mining  companies  were  not  keeping  complete  records 
of  all  accidents  at  their  mines.  Furthermore,  there  were  but  few 
compensation  laws  in  effect  which  compelled  the  operators  to  keep 
records  of  nonfatal  injuries. 

The  number  killed  per  1,000  employed  in  the  metal  mines  is  less 
than  in  the  coal  mines  when  compared  on  an  equal  time  basis  of 
300-day  workers.  In  view  of  this  fact  there  is  no  reason  to  believe 
that  the  number  of  nonfatal  injuries  should  be  less  in  the  coal  mines 
than  in  the  metal  mines. 

The  best  figures  available  on  this  subject  are  those  collected  by 
the  United  States  Bureau  of  Mines  for  the  metal-mining  industry. 
The  bureau  has  issued  reports  covering  a  period  of  four  years,  1911 
to  1914,  in  which  the  number  of  nonfatal  accidents  reported  represent 
about  30  per  1,000  wherein  the  injured  person  was  off  duty  20  days 
or  more  by  reason  of  disabihty.  The  bureau's  reports  show  that 
approximately  150  men  per  1,000  received  minor  injuries  resulting 
in  a  disabihty  varying  from  1  to  20  days.  These  figures  are  based 
upon  voluntary  reports  of  the  mining  companies  to  the  Bureau  of 
Mines.  Since  there  is  no  Federal  law  requiring  these  reports,  it  is 
believed  that  the  above  rates  are  too  low.  This  view  is  supported 
by  a  special  study  of  metal-mine  accidents  for  1914,  which  contains 
the  reports  of  258  companies  whose  accident  records  are  reasonably 
complete.  The  study  shows  that  50  per  1,000  are  seriously  injured 
(disabled  20  days  or  more),  while  270  per  1,000  are  slightly  injured 
(disabled  1  to  20  days).  These  injuries,  however,  apply  only  to,  and 
are  based  on,  75,000  men  employed  either  underground  or  in  the 
open-pit  mines,  excluding  all  surface,  shop,  and  mill  men.  Taking 
the  average  metal-mine  rate  for  a  period  of  four  years  as  a  basis  of 
injuries  in  the  coal  mines,  there  would  be  approximately  22,900  per- 
sons seriously  injured  and  114,500  persons  sUghtly  injured  each  year. 

o  Serious  Ixijurles  indude  those  causing  a  loss  of  tiiiid  of  20  days  or  more.   A  slight  Iqjury  Is  one  causing 
a  loss  of  more  than  ooe  day  but  less  than  20. 
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In  1911  two-thirds  of  the  serioufl  and  slight  injuries  in  the  coal 
mines  were  due  to  falls  of  roof  and  pillar  coal  and  mine  cars  and 
locomotives.  About  one-half  of  the  nonfatal  injuries  in  the  metal 
mines  wev^  due  to  these  two  causes,  showing  that  there  are  more 
injuries  in  the  coal  mines  from  them  than  in  the  metal  mines.  The 
coal  mines  have  a  much  larger  area  of  roof  exposed  than  do  the  metal 
mines,  and  in  most  cases  the  haulage  system  is  more  extensive  by 
reason  of  the  longer  haul  and  the  excess  tonnage  handled,  thus  in- 
creasing the  coal-mine  hazard  as  compared  with  metal  mines.  These 
being  the  principal  causes  of  nonfatal  injuries,  there  seems  reason 
to  believe  that  the  above  estimate  is  too  low  rather  than  too  high. 

Tables  64,  65,  and  66  show  the  injuries  as  reported  by  the  State 
mine  inspectors  in  their  latest  published  reports  for  the  States  indi- 
cated. These  tables  represent  6,719  injuries,  which  have  been  classi- 
fied according  to  the  part  of  the  body  injured,  and  also  by  causes. 
The  accidents  are  also  tabulated  by  States  with  reference  to  the  part 
of  the  body  injured  and  the  cause  of  the  injury.  These  tables  are 
far  from  being  complete,  inasmuch  as  they  represent  only  the  more 
serious  injuries.  For  example,  the  report  for  Ulinois  includes  only 
those  accidents  in  which  the  injury  resulted  in  a  loss  of  30  days' 
time  or  more.  In  some  of  the  States  no  time  is  specified  and  no 
statement  given  to  indicate  what  class  of  injuries  is  included  in  the 
report. 

These  tables  will  be  of  some  assistance  to  the  hospital  department 
of  the  various  coal  mines,  inasmuch  as  they  point  out  the  part  of  the 
body  receiving  the  most  injuries  and  will  give  the  surgeons  and 
others  an  idea  as  to  the  surgical  equipment  necessary  to  properly 
take  care  of  the  injuries  to  be  expected  in  and  about  the  coal  mines. 

NT7MBSB  AND  PEBCENTAGB  OF  INJURIES  RECEIVED  BY  MEN  EMPLOYED  IN  AND 

ABOUT  COAL  MINES,  BY  PABT8  INJURED. 

[S«e  also  tig,  7.) 

Nttmb«r.  Pcraentaf*. 

Head 427  6.36 

Pace 290  4.32 

Shoulders 330  4.91 

Arms 544  8.10 

HandB 948  14.11 

Body 1,190  17.71 

Hip  and  pelvis 281  4. 18 

Legs 1,987  29.67 

Feet 722  10.74 

Total 6, 719  100. 00 

With  the  enactment  of  compensation  laws  in  the  various  States, 
it  is  hoped  that  in  the  near  future  there  will  be  more  complete  data 
available  to  afford  a  basis  for  a  detailed  study  of  nonfatal  injuries. 
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However,  sufiBicieiit  data  concerning  fatal  injuries  have  been  collected 
and  tabulated  herein  to  form  a  basis  for  an  intensive  study  of  the 
various  accidents  by  causes.  Any  safety  device,  rule,  regulation, 
law,  or  instruction  to  miners  that  will  reduce  fatal  ac<sidents  will 
also  reduce  the  nonfatal  accidents.     The  difference  between  the  two 


FiouBB  7.— Analsrsls  of  nonfatal  injnrles  showing  part  of  body  Injured  and  percentage  for  each  looaUon. 

(Based  on  Table  66.) 

classes  of  accidents  is  only  one  of  degree  or  severity.  The  cause 
still  remains  the  same:  fall  of  rock,  mine  car,  or  explosive.  If  a 
falling  rock  strikes  a  man  on  the  head  or  body  it  may. kill  him,  but 
if  it  strikes  only  his  foot  or  hand,  seriously  injuring  him,  the  cause, 
fall  of  rock,  is  the  same.  By  removing  the  cause  of  fatal  accidents, 
the  number  of  nonfatal  accidents  wiU  be  greatly  reduced. 
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FATALITIES  AT  BITUIflNOUS  COAL  BUNKS. 

Inasmuch  as  bituminous  coal  mining  differs  so  much  from  the 
mining  of  anthracite,  Tables  67  and  68,  covering  the  bituminous 
coal-mining  industry  from  1890  to  and  including  1914,  have  been 

s  compiled.  Complete  data 
J  prior  to  1890  would  be  de- 
sirable, but  for  a  study  of 
present-day  mine  accidents 
it  is  belieyed  that  these  tab- 
bies go  back  sufficiently  far 
to  show  the  actual  hazards 
of  the  bituminous  mines. 

The  total  production  and 
the    niunber    of    men    em- 
ployed  in    all    bituminous 
^  mines  of  the  United  States 
1^  are  given  in  Table  67.     In 


1 

a 


I H  the  second  part  of  the  same 

S  8  table  are  given  the  produc- 

lltionandnumberofmenem- 

**^  ^  ^  ployed  in  those  States  which 

^  %  are  imder  inspection  service 

I'S  and  for  which  accident  rec- 

i  g  ords  are  available.    In  1890, 

1 1  89.60   per  cent  was   repre- 

I  sented  by  inspection  States, 

<g  whereas  for  the  same  year 

§  I  85.96  per  cent  of  the  em- 

4  g  ployees  were  in    the   same 

*  g.  group. 

Table   68   shows   the  far 
talities  at  bitimiinous  mines 
by  the  same  groups  of  causes 
as  in  Tables  4, 5,  and  6,  which 
include  the  anthracite  mines. 
It    also   shows    the    actual 
number  killed  in  each  group 
and  the  percentage  of  fatal- 
ities due  to  each  class,  as  well 
as   the   number   killed   per 
1,000  men  employed. 
Figure  8  shows  the  fatality  rates  by  principal  causes  from  1891  to 
1914.    In  1890  the  number  killed  by  falls  of  roof  and  pillar  coal  pep 
1,000  men  employed  was  1.259.     This  rate  gradually  increased  until 
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in  1909  it  was  1.951.  Since  1909  the  rate  has  been  decreasing  until 
in  1914  it  was  1.548  per  1,000  men  employed.  With  reference  to 
mine  cars  and  locomotives  the  fatality  rate  per  1,000  men  employed 
in  1890  was  0.163.  The  rate  increased  quite  uniformly  to  0.593  per 
1,000  employed  in  1913.  The  rate  for  1914  was  slightly  lower.  The 
fatality  rates  due  to  gas  and  dust  explosions  have  been  very  erratic, 
reaching  the  highest  point  in  1907,  when  the  rate  was  1.796  per  1,000 
employed.  Since  the  year  1907  this  rate  has  decreased,  although 
irregularly,  to  0.523  per  1,000  employed  in  1914. 

The  fatality  rate  due  to  explosives  gradually  increased  from  1890, 
during  which  year  the  rate  was  0.182  per  1,000  employed,  to  1903, 
when  it  reached  its  highest  point,  0.339  per  1,000.  Since  the  intro- 
duction of  permissible  explosives  and  more  strict  rules  concerning  the 
handling  and  use  of  explosives,  tc^ether  with  more  efficient  mine- 
inspection  service,  the  f  ataUty  rate  has  gradually  decreased  until  in 
1914  the  number  killed  per  1,000  employed  was  0.096.  This  reduc- 
tion is  illustrated  in  figures  5  and  8. 

The  number  of  accidents  at  shafts  has  decreased  slightly,  whereas 
the  mmiber  of  those  on  the  surface  shows  a  gradual  increase. 

The  percentage  of  coal  mined  by  machines  since  1891,  when  the 
first  records  are  available,  is  shown  in  figure  10.  In  1891  only  5.26 
per  cent  of  the  bituminous  coal  was  mined  by  machines.  The  quantity 
has  steadily  increased  year  by  year  until  in  1914,  51.7  per  cent  of  the 
coal  was  reported  as  machine  mined.  The  upper  curve  in  figure  10 
includes  all  hand-mined  coal  as  well  as  that  shot  off  the  solid  as 
distinguished  from  the  machine  product.  Details  of  accidents  as 
related  to  machine  mining  follow. 

BfACHUfB  MIBTING. 

A  study  of  coal-mine  accidents  would  not  be  complete  without 
some  reference  to  machine  mining.  It  would  be  very  desirable, 
indeed,  if  it  were  possible  to  tabulate  data  for  a  period  of  years, 
showing  the  actual  number  of  men  employed  in  machine-worked 
mines,  together  with  the  corresponding  casualties  occurring  therein. 
Data  of  this  character  are  not  available,  however,  and  hence  it  is 
impossible  to  make  such  a  study.  The  United  States  Geological 
Survey,  however,  has  for  a  number  of  years,  1896-1913,  collected 
and  published  data  showing  the  percentage  of  coal  mined  by  machines 
in  each  State,  and  this  information  is  used  as  a  basis  for  the  study 
of  mine  accidents  as  tabulated  herein. 

In  comparing  figures  of  production,  number  of  men  employed, 
fatalities,  etc.,  for  the  18-year  period,  those  States  have  been  included 
in  which  complete  accident-fatality  records  and  the  number  of 
employees  are  available.  Inasmuch  as  details  are  lacking  to  show 
the  number  of  mines  where  mining  machines  are  used,  the  only  other 
alternative  whereby  comparative  results  may  be  obtained  is  to 
group  the  States  according  to  the  percentage  of  coal  mined  by 

14366*— Bun.  115—16 8 
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machiaes.  Four  groups  have  therefore  been  used  as  follows: 
Group  I  includes  those  States  in  vhich  less  than  20  per  cent  of  the 
eoal  produced  was  mined  by  machines,  leaving  the  other  80  per  cent 
of  the  coal  as  mined  by  hand  or  shot  off  the  solid.  Group  II  inchides 
those  States  in  which  20  to  39  per  cent  of  the  coal  produced  was 
mined  by  machines.  Group  III  includes  those  States  in  which  40 
to  59  per  cent  of  the  coal  produced  was  mined  by  machines.  Group 
IV  includes  those  States  in  which  60  per  cent  or  more  was  produced 
by  mining  machines. 
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The  fatalities  during  this  period  have  been  divided  into  two 
classes,  namely,  common  and  exceptional.  Common  accidents  are 
those  of  daily  occurrence  in  which  less  than  5  men  are  kiUed  at  one 
time.  Excepticmal  accidents  are  defined  as  those  including  mine 
disasters  in  which  5  or  more  men  are  killed  at  one  time. 

PBODUCnON. 

Table  73  shows  the  production  of  coal  for  Group  I  from  1896  to 
1913.  The  production  of  this  group,  113,995,776  tons  in  1896,  has 
gradually  declined  until  in  1913  it  was  only  39,509,308  tons.  Group 
n  (Table  76)  produced  in  1896,  16,780,981  tons  and  reached  its 
highest  point  in  1902.  In  1913  the  production  of  this  group  was 
41,373,914  tons.  A  number  of  States^  in  Group  11,  passed  from 
this  group  into  Group  HI  (Table  79)  in  1904,  so  that  Group  HI, 
while  not  producing  any  coal  in  1896,  produced  340,591,068  tons  in 
1913.  Group  IV  (Table  82),  in  which  more  than  60  per  cent  was 
nuned  by  machines,  does  not  make  its  appearance  until  1900.  It 
then  dropped  out  for  four  years  and  appeared  again  in  1905  with 
25,552,950  tons.    In  1913  this  group  produced  57,048,913  tons. 

NTTMBBB  OF  KEN  SMPIiOYBD. 

Tables  73,  76,  79,  and  82  show  the  number  of  men  employed  in 
each  group  for  the  period  covered  (fig.  9).  The  number  employed 
in  Group  I,  197,180  men  in  1896,  has  gradually  declined  until  in 
1913  there  were  67,714  employed  in  this  class  of  mines.  Group  11 
began  in  1896  with  only  34,306  men  and  gradually  increased  to 
207,976  men  in  1904.  At  the  close  of  1904  a  large  percentage  of 
this  group  passed  into  Group  III,  so  that  although  Group  III  does 
not  show  any  employees  in  1896  there  were  366,880  employees  in 
1913.  The  number  of  men  in  Group  IV  varies  from  none  in  1904  to 
75,452  in  1913. 

EFFECT  OF  XAGEINE  HININO  ON  FATAIJTT  BATES. 

Table  69  shows  by  States  and  years  the  number  of  mining  machines 
in  use  from  1891  to  1914.  During  this  period  the  number  of  machines 
has  increased  from  545  to  about  17,000,  and  the  production  per  year 
per  machine  has  increased  from  11,398  tons  in  1891  to  14,802  tons  in 
1913.  Table  70  shows  the  number  of  each  of  five  different  types  of 
machines  in  use  since  1899. 

As  there  has  been  an  enormous  increase  in  the  use  of  mining 
machines,  Tables  69  to  85  have  been  compiled  for  the  purpose  of 
analyzing  accidents  as  related  to  this  method  of  mining.  When 
mining  machines  were  first  introduced,  there  were  many  who  felt 
that  they  added  another  serious  hazard  to  the  coal-mining  industry. 
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Although  their  use  may  have  increased  the  number  of  accidents  due 
to  machinery  and  electricity,  yet  the  results  shown  in  Tables  69  to  85 
and  figures  10  to  15  do  not  seem  to  bear  out  the  first  impression.  The 
increase  of  accidents  due  to  machinery  and  electricity  seems  to  be 
more  than  offset  by  the  decrease  in  fatalities  due  to  explosives,  as 
shown  in  Table  5. 

As  indicated,  the  fatality  rate,  in  those  groups  where  the  percent- 
age of  machine  mining  is  largest,  is  lower  than  in  those  groups  where 
the  amount  of  coal  imdercut  by  hand  or  shot  from  the  solid  is  the 
I&igest. 

As  indicated  in  Table  71  and  figure  10,  the  first  three  groups  are 
practically  of  the  same  rank,  each  employing  slightly  over  2,000,000 
men  during  the  18-year  period.  Group  IV  is  much  smaller,  employ- 
ing only  522,293  men.  The  total  production  for  the  first  three  groups 
is  nearly  the  same,  so  that  comparisons  for  those  groups  may  be 
made  on  an  equal  basis.  The  total  number  of  men  killed  in  excep- 
tional accidents,  in  all  of  the  groups,  was  5,183,  and  in  common  acci- 
dents, 21,475.  In  Group  I  the  number  of  fatalities  due  to  excep- 
tional accidents  was  2,476,  representing  a  rate  of  1.11  per  1,000  em- 
ployed. The  exceptional-accident  rates  per  1,000  men  employed  are 
0.76  for  Group  II,  0.38  for  Group  III,  and  0.20  for  Group  IV.  The 
rates  for  common  accidents  are  2.98  for  Group  I,  2.81  for  Group  11, 
2.92  for  Group  III,  and  2.62  for  Group  IV.  There  is  a  gradual  decline 
in  the  total-fatality  rate,  ranging  from  4.09  per  1,000  employed,  in 
Group  I,  to  2.82  in  Group  IV.  The  number  of  fatalities  per  million 
tons  mined  in  Group  I  is  6.89  for  the  entire  period,  and  in  Group  III, 
which  has  the  lowest  rate,  is  4.00,  for  Group  IV  it  is  4.16. 

In  Table  72  (figure  11),  the  four  groups  are  compared  by  principal 
causes  of  accidents,  showing  the  percentage  of  fatalities  and  the 
number  killed  per  1,000  men  for  each  group. 

CAUSES  OF  ACCIDSNTS. 

The  fatalities  due  to  falls  of  roof  (figure  11)  are  practically  the 
same  for  each  of  the  four  groups,  ranging  from  1.70  in  Group  I  per 
1,000  men  employed  to  1.79  in  Group  HI.  The  percentage  of  fatal- 
ities due  to  falls  of  roof  is  lowest  in  Group  I,  ranging  from  41.66  in 
Group  I  to  60.90  in  Group  IV.  The  comparison  on  a  percentage 
basis  is  not  however  as  true  as  that  based  on  the  actual  niunber  of 
men  employed.  A  sudden  increase  or  decrease  in  one  particular  class 
of  accidents  affects  the  total,  and  percentages  derived  from  this  base 
will  be  more  or  less  altered.  When  comparisons  are  made  on  the 
basis  of  actual  niunber  of  employees,  a  large  disaster  due  to  one  cause 
win  not  alter  the  comparisons  for  the  other  causes  as  the  rates  are 
derived  from  a  base  that  remains  unchanged. 
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There  is  but  Utile  difference  in  the  fatality  rate  by  reason  of  acci- 
dents due  to  mine  cars  and  locomotives  (fig.  11).  In  Groups  I  and 
rV  the  rates  are  pfactically  the  same,  being  0.35  and  0.34  respec- 
tively, but  in  Groups  II  and  III  the  rates  are  slightly  higher. 

OAS  AND  DUST  EXPLOSIONS. 

The  most  striking  difference  in  the  number  of  fatalities  in  the 
various  groups  is  in  accidents  due  to  gas  and  dust  explosions.  It  will 
be  noted  that  29.40  per  cent  of  all  of  the  fatalities  in  Group  I  were 
due  to  gas  and  dust  explosions,  and  that  the  percentage  due  to  this 
cause  dechnes  as  the  percentage  of  machine-mined  coals,  only  6.92 
per  cent  of  the  total  fatalities  in  Group  IV  being  due  to  this 
cause.  As  stated  above,  the  percentage  comparison  is  not  as  fair  as 
that  based  on  the  number  of  men  employed.  The  fatality  rate  in 
Group  I  due  to  gas  and  dust  explosions  was  1.20  per  1,000  men  em- 
ployed during  the  18-year  period,  in  Group  II  the  rate  was  0.66,  in 
Group  III,  0.39,  and  in  Group  IV,  0.19  per  1,000  employed.  These 
differences  are  shown  in  figure  11. 

EXPLOSIVES. 

As  would  be  expected,  the  fatality  rate  due  to  explosives  (fig.  11) 
is  higher  in  Group  I  than  in  the  other  groups.  In  Group  I  the 
maximum  amoimt  of  explosives  is  used  and  much  of  the  coal  mined 
is  shot  off  the  solid;  its  fatality  rate  is  0.33  per  1,000  men  employed. 
In  Groups  II,  III,  and  IV,  where  less  explosives  are  used,  the  fatality 
rates  are  0.23,  0.12,  and  0.15  per  1,000  employed,  respectively.  In 
the  latter  two  groups  there  is  a  minimum  amount  of  explosives  used 
in  the  coal  mines. 

With  reference  to  miscellaneous  underground,  shaft,  and  surface 
accidents  there  is  no  variation  of  importance. 

MINING  OONDrriONS. 

These  figures  are  not  absolute  proof  that  lower  fatality  rates  in 
Group  IV  as  compared  with  Group  I  are  due  to  the  larger  use  of  ma^ 
chines  in  the  mines  of  Group  IV.  Many  small  mines  are  included  in 
Group  I  in  which  hand  mining  prevails.  The  small  mines  do  not 
always  have  the  most  improved  equipment,  and  many  times  less 
attention  is  given  to  safety  measiires.  The  mines  in  Group  I  use  a 
maximum  amount  of  explosives,  are  operated  under  all  classes  of 
roof  conditions,  and  include  all  types  of  coal  beds  ranging  from  thick 
to  thin  with  various  degrees  of  inclination,  from  horizontal  to  vertical. 

The  hand-mining  mines  are  in  most  cases  operated  more  hours  a 
day  and,  as  shown  in  Table  71,  more  days  a  year  as  compared  with 
Group  IV.  The  number  of  days  active  is  218  for  Group  I,  212  for 
Group  II,  227  for  Group  III,  and  192  for  Group  IV.    With  the  excep- 
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turn  of  Kentucky,  the  employees  in  Group  IV  are  all  on  an  8-hour 
basis.    The  other  groups  contain  many  9  and  10  hour  men. 

As  regards  the  mines  in  which  the  major  part  of  the  coal  is  mined 
by  machine,  they  include  but  few  small  mines  and  hence  have  more 
systematic  management.  When  a  mine  has  reached  the  stage  where 
the  management  is  financiaUy  able  to  install  machines,  it  is  usually 
conducted  on  a  more  business-hke  basis  than  are  the  small  and  poorly 
financed  properties,  has  better  haulage  systems,  and  more  efficient 
ventilation.  In  machine  mining  a  minimum  amount  of  explosives 
is  used  and  in  a  mine  where  machines  are  introduced  it  is  essential 
that  good  roof  conditions  prevail  and  that  the  coal  bed  is  of  reasonably 
uniform  thickness.  Also  machines  are  operated  in  the  flatter  lying 
beds  and  are  seldom  used  in  the  steeply  inclined  measures.  The 
majority  of  the  States  in  which  the  largest  percentage  of  coal  is  mined 
by  machines  are  operated  on  an  8-hour  basis  and  less  days  per  year, 
hence  the  time  of  exposure  to  the  dangers  of  mining  is  less. 

FATALTTT  RATES  ON  BASIS  OF  GOAL  MZNBD  BY  XAGHIinB. 

The  total  fatahty  rate  at  the  four  groups  of  mines,  based  on  the 
percentage  of  madiine-mined  coal,  from  1896  to  1913,  is  shown  in 
figure  12.  The  upper  part  of  the  figure  represents,  as  indicated,  the 
total  fatality  rate  at  bituminous  coal  mines  during  this  period.  The 
second  or  middle  part  of  the  figure  shows  the  fatality  rate  due  to 
''common"  accidents,  that  is,  those  in  which  less  than  5  men  are 
killed  at  one  time.  These  rates  are  reasonably  close  together, 
Group  IV  showing  the  lowest  and  Group  I,  as  a  whole,  the  highest 
rate.  The  lower  part  of  the  figure  shows  the  fatahty  rate  due  to 
''  exceptional"  accidents.  Here  again  Group  I  is  high,  and  is  followed 
closely  by  Group  II;  Grotip  IV  is  exceedingly  low. 

The  amount  of  coal  mined  per  day  per  man  in  the  various  groups 
of  mines  is  given  in  figure  13.  The  curves  show  that  in  Group  I, 
in  which  less  than  20  per  cent  of  the  coal  was  mined  by  machine, 
the  average  number  of  tons  mined  per  day  is  2.72  (Table  73),  while 
in  Group  III  it  ranges  from  2.80  to  about  3.90  tons  per  day.  Group 
II  is  more  erratic,  and  since  1910  many  of  the  mines  originally  in 
this  group  have  passed  into  Group  III,  so.  that  since  that  year  there 
has  been  a  decrease  in  the  amount  of  coal  produced  per  man  per  day. 
Group  IV  remains  practically  stationary,  with  an  average  of  3.53 
tons  per  day. 

Figure  13  also  shows  the  fatalities  per  million  tons  mined  according 
to  the  four  groups  outlined  above.  In  Group  I  the  fatahty  rate  is 
exceedingly  high  when  based  on  the  nimiber  of  tons  mined  per  fatality. 
This  rate  varies  from  4.06  to  10.68,  the  a^rerage  being  6.89  (Table  73). 
As  would  be  expected,  the  number  of  f  ataUties  per  miUion  tons  pro- 
duced in  Groups  III  and  IV  are  considerably  lower  than  in  the  other 
two  groups,  the  average  being,  respectively,  4.00  and  4.16. 
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PART  n.— COAL-MINE  STATISTICS  FOR  EACH  STATE  BY 

CALENDAR  YEARS. 


INWODUCriON. 

The  followmg  pages  give  detailed  information  of  the  coal-mining 
industry  by  States,  arranged  in  alphabetical  order,  and  calendar  years. 
Most  of  the  information  has  a  bearing  on  the  accident  hazard.  Com- 
ments are  made  on  the  coal-bearing  area  of  each  State,  the  character 
of  the  coal  beds,  that  is,  whether  the  beds  are  thick  or  thin,  flat  or 
inclined,  and  data  are  given  concerning  the  roof  conditions.  There 
are  also  notes  on  the  methods  of  mining,  whether  long-wall,  room- 
aod-pillary  etc.,  with  statements  as  to  whether  the  coal  is  mined  by 
liand,  machine,  or  shot  off  the  solid. 

In  the  State  tables  are  complete  figures  for  the  production  of 
coal  from  the  beginning  of  the  industry  to  the  end  of  1914;  also  the 
niunber  of  men  employed,  the  number  of  fatalities,  and  the  fatality 
rates  per  1,000  men  employed  and  per  million  tons  of  coal  produced 
since  the  beginning  of  inspection  service.  The  tables  also  give  the 
number  of  days  the  mines  were  operated  each  year,  the  number  of 
tons  of  coal  mined  per  man,  per  day,  and  per  year,  together  with  the 
number  of  mining  machines  in  use  since  1891,  or  since  their  introduc- 
tion into  the  mines,  if  adopted  at  a  later  date. 

There  is  also  for  each  State  one  table  showing  all  the  fatalities 
by  causes  and  calendar  years,  for  which  complete  records  are  avail- 
able, and  with  this  as  a  start  it  should  be  an  easy  matter  for  each 
State  to  continue  its  records  on  the  calendar-year  basis.  There  will 
also  be  foimd  under  each  State  data  as  to  the  number  of  hours 
worked  per  day  and  the  number  of  men  employed  in  each  group  of 
8,  9,  or  10  hotur  workers.  Fatality  rates  have  also  been  calculated 
on  the  basis  of  a  uniform  year  of  2,000  hoiurs,  so  that  true  com-  . 
parisons  of  one  State  with  another  may  be  readily  made.  Under 
each  State  will  also  be  found  a  list  of  all  of  the  mine  disasters  in  which 
five  or  more  men  were  killed  at  one  time.  The  last  table  under  each 
State  gives  data  concerning  strikes  and  lockouts,  showing  the  number 
of  men  involved  and  the  total  amount  of  time  lost. 

While  the  area  of*  the  coal  fields  will  be  found  under  each  State, 
the  accompanying  table  shows,  in  addition,  the  estimated  original 
supply,  the  production  in  1913,  and  the  total  production  to  the  close 
of  1913;  and  in  the  last  column  is  shown  the  estimated  available 
supply  of  coal  in  the  various  States  at  the  dose  of  1913  as  estimated 
by  the  United  States  Geological  Survey. 
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ATiARA1ilA> 

ASHEA  AND  DISTBIBimON  OF  OOAIi  7IELD8. 

The  Alabama  coal  fields  form  the  southwestern  end  of  the  Appa- 
lachian coal  region,  which  extends  from  Pennsylvania  to  Alabama. 
There  are  four  distinct  fields:  The  Coosa  field,  on  the  southeast;  the 
Cahaba  field,  somewhat  west  of  the  Coosa;  the  Warrior  field,  7  to  10 
miles  west  of  the  Cahaba  field;  and  the  Plateau  field,  in  the  north- 
east comer  of  the  State  and  northeast  of  the  Warrior  field,  and  not 
entirely  separate  therefrom.  These  fields  were  originally  connected, 
but  have  been  separated  since  their  formation  by  erosion  along  the 
lines  of  faults  or  anticlines.  The  total  remaining  area  is  now  about 
8,500  square  miles  not  including  the  area,  probably  of  considerable 
size,  beneath  younger  rocks  to  the  southwest  of  the  visible  margin  of 
the  coal-bearing  rocks. 

COOSA   FIELD. 

The  Coosa  field,  or  basin,  is  a  structural  trough  6  miles  wide  ex- 
tending for  60  miles  through  Shelby  and  St.  Qah*  coimties  and  con- 
taining about  260  square  miles.  It  is  faulted  along  its  southeast 
margin,  so  that  in  general  only  the  western  half  of  the  trough  remains. 
The  coal  beds  dip  to  the  southeast  at  angles  varying  with  the  locality 
from  10°  to  50*^.  However,  the  structure  is  less  simple  than  the 
above  description  indicates,  for  at  the  north  end  there  are  a  number 
of  small  subordinate  basins  due  to  local  faults  and  folds,  and  in  the 
southern  two-thirds,  the  structure,  although  it  is  rather  more  regular, 
is  affected  by  internal  faults  and  folds.  The  conglomerate,  sandstone, 
and  shale,  which  comprise  the  coal-bearing  rocks,  are  of  great  thick- 
ness, probably  not  less  than  10,000  feet  as  a  maximum.  The  best 
known  part  of  the  field  is  the  northeast,  where  there  are  18  coal  beds, 
each  of  which  varies  considerably  in  thickness  from  place  to  place,  the 
minimum  thicknesses  varying  from  zero  to  2^  feet  and  the  maximum 
thicknesses  from  8  inches  to  5  feet  8  inches.  These  beds  lie  in  the 
small  subordinate  basins  above  mentioned  and  in  the  upper  4,000 
feet  of  the  rocks,  so  that  their  total  area  is  probably  not  over  one- 
tenth  of  the  area  of  the  field,  say  35  square  miles.  In  the  other  parts 
of  the  Coosa  trough  the  coal  beds  are  not  so  well  known  but  appear 
to  be  few  and  comparatively  thin.  Excepting  two  beds  the  char- 
acter of  the  Coosa  coals  has  not  been  adequately  determined.  So 
far  as  shown  by  the  tests  made,  the  coal  is  high-grade  bituminous 
with  low  sulphur  and  medium  ash  contents  and  of  about  the  hardness 
of  the  southern  Appalachian  coals  generally.  One  bed  is  reported 
to  jrield  good  coking  coal. 
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nAWTATIA    FIELD. 

The  Cahaba  field,  or  basin,  like  the  Coosa  field,  is  a  synclinal  trough 
lying  a  few  miles  west  of  the  Coosa  field.  It  is  about  68  miles  long 
and  extends  from  the  northeastern  part  of  Bibb  County  through 
Shelby  Coimty  into  St.  Clair  County,  its  average  width  is  about 
6  miles  except  in  the  southwest  third  where  it  expands  to  twice  that 
width,  and  its  area  is  about  350  square  miles. 

Like  the  Coosa  field  the  eastern  half  of  the  Cahaba  trough  is  faulted, 
except  for  a  few  miles  at  the  south  end,  where  the  southeast  limb  of 
the  syncline  in  a  vertical  or  slightly  overturned  attitude  is  preserved. 
Along  the  western  margin  of  the  trough  the  dip  varies  from  10^  to  60^ 
southeast.  In  the  north  half  of  the  field  this  southeast  dip  prevails 
to  the  fault  in  the  southeast,  but  extending  along  the  middle  of  the 
southern  half  of  the  field  the  southeast  dip  is  interrupted  by  a  high 
anticline  with  a  vertical  dip  on  the  northwest  limb  and  a  dip  of  40^ 
on  the  southeast  limb  near  the  crest,  but  diminishing  gradually  to  a 
low  dip  southeastward  to  the  boundary  fault,  except  for  the  few  miles 
where  the  southeast  limb  of  the  trough  is  preserved.  In  this  area 
the  rocks  bend  abruptly  upward  and  stand  vertical  at  the  surface. 
In  addition  to  these  major  folds,  there  are  a  number  of  subordinate 
basins  along  the  southeastern  margin,  caused  by  transverse  folds 
with  dips  of  all  d^rees  up  to  vertical.  Several  faults  of  varying 
magnitude  are  known,  but  apparently,  faults  are  few. 

The  coal-bearing  strata,  conglomerate,  sandstone,  and  shale,  are 
about  9,000  feet  thick  in  the  southern  part  of  the  field  and  about 
5,000  feet  in  the  northern  part. 

In  the  southern  p'art  there  are  at  least  17  coal  beds  that  in  some 
part  of  their  extent  are  2  feet  or  over  in  thickness,  the  thickest  bed 
being  5  to  6  feet.  Most  of  the  beds,  with  the  exceptions  of  local 
thinning  or  thickening,  range  from  2  to  4  feet  in  thickness. 

The  coal  is  high-grade  bituminous  with  a  low  to  medium  ash  con- 
tent, a  generally  low  sulphur  content,  and,  as  a  rule,  is  of  average 
hardness.  It  is  said  to  make  a  good  quality  of  coke,  but  the  yield 
is  lower  than  the  Warrior  coals,  so  that  the  product  is  all  consumed  as 
domestic,  steam  or  gas  coal. 

WABBIOB  FIELD. 

The  Warrior  coal  field,  or  basin,  Ues  7  to  10  miles  west  of  the  Cahaba 
field  and  extends  westward  nearly  to  the  State  boundary.  It  is  a 
quadrangular  area,  including  all  or  parts  of  the  following  counties: 
Jefferson,  Walker,  Tuscaloosa,  Fayette,  Marion,  Franklin,  Lawrence, 
Winston,  CuUman,  Moigan,  and  Blount.    The  Warrior  field  is  not 
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definitely  separated  from  the  Plateau  field  on  the  northeast,  and 
their  limits  have  not  yet  been  definitely  defined.  The  combined  area 
of  the  two  fields  is  about  7,600  square  miles.  Along  the  southeast 
edge  of  the  Warrior  field  the  strata  dip  90°  to  40°,  or  less,  to  the  west; 
but  throughout  the  remainder  of  the  field  are  nearly  flat  or  gently  and 
broadly  warped.  The  rocks,  congjlomerate,  sandstone,  or  shale  are 
about  3,000  feet  thick. 

The  number  of  workable  coal  beds  is  about  fifteen.  They  consti- 
tute the  following  groups  from  below  upward:  Black  Creek,  Mary 
Lee,  Pratt,  and  Brookwood,  each  named  from  its  most  important 
coal  bed.  The  bottom  of  the  Black  Creek  group  is  about  900  feet 
above,  and  the  top  of  the  Brookwood  is  about  2,300  feet  above,  the 
bottom  of  the  coal-bearing  rocks,  so  that  the  main  coal  beds  extend 
through  about  1,400  feet  of  strata. 

The  Black  Creek,  the  lowest  and  most  extensive  bed,  averages 
about  3  feet  thick  and  is  an  excellent  domestic  coal,  for  which  it  is 
mainly  used.  The  Mary  Lee  group  contains  five  beds,  but  at  all 
points  one  ''big  seam,"  which  possibly  may  be  everywhere  the  same 
bed,  or  at  different  points  may  be  one  or  another  of  the  five  beds. 
This  ''big  seam''  is  of  great  areal  extent,  varies  from  5  to  10  feet  in 
thickness,  and  includes  many  thin  or  a  few  thick  clay  partings.  The 
Pratt  group  likewise  contains  five  coal  beds,  of  which  three  are  impor- 
tant, one  of  the  three  being  the  Pratt  bed,  which  over  large  areas  is  3 
to  5  feet  thick,  with  at  some  places  a  thin  parting  or  two  and  at 
others  being  aU  clean  coal.  The  Brookwood  group  includes  three  or 
four  beds,  of  which  the  Brookwood  bed  is  the  most  important,  being 
3  to  7  feet  thick.  This  group,  being  high  in  the  coal-bearing  rocks, 
occupies  only  a  relatively  smaU  area  in  Tuscaloosa  County.  The 
"Big  seam,"  Pratt,  and  Brookwood  beds  are  the  thickest  in  the  War- 
rior basin.  In  1899  the  Pratt  beds  yielded  65  per  cent  of  the  total 
coal  production  from  the  basin,  and  in  recent  years  about  33  per  cent. 

The  average  composition  of  23  samples  of  the  different  coal  beds 
of  the  Warrior  basin  is  approximately  as  follows:  2.4  per  cent  mois- 
ture, 28.4  per  cent  volatile  matter,  59  per  cent  fixed  carbon,  10.2 
per  cent  ash,  and  1.74  per  cent  sulphur.  It  is  a  high-grade  bitumi- 
nous coal  of  medium  hardness  and  a  domestic  steam  and  coking  coal. 
Practically  all  the  coke  consumed  in  the  State  is  made  from  coal  from 
the  "Big  seam,"  Pratt  bed,  and  the  beds  of  the  Brookwood  group,  of 
which  the  principal  one  is  the  Brookwood. 

PLATEAU  FIELD. 

The  Plateau  field  comprises  a  long  belt  on  Sand  Mountain  extend- 
ing from  the  Warrior  field,  with  which  it  is  continuous  on  the  south- 
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west,  to  the  northeast  comer  of  the  State,  a  number  of  detached  areas 
to  the  northwest  of  the  Sand  Mountain  belt,  the  detached  area  of 
Lookout  Mountain,  and  the  semi-detached  area  of  Blount  Mountain 
on  the  southeast  of  Sand  Moimtain.  These  various  areas  lie  mainly 
in  Madison,  Jackson,  DeKalb,  Etowah,  Marshall,  and  Blount  Counties. 

The  character  of  the  rocks  is  the  same  as  in  the  other  fields,  but 
their  thickness  and  the  number  and  thickness  of  coal  beds  are  not 
well  known.  There  are  perhaps  four  or  six  different  beds,  more  or 
less  local  in  extent,  which  range  from  2  to  4  feet  in  thickness. 

Except  on  the  western  edge  of  Blount  Mountain,  where  the  rocks 
are  vertical,  the  dip  is  slight  and  in  most  parts  of  the  field  the  rocks 
are  nearly  flat. 

MINIKO  KBTHODS. 

Coal  mining  was  first  begun  in  the  Coosa  basin  in  1836,  and  in  the 
Cahaba  field  in  1856.  General  uniformity  in  mining  methods  pre- 
vails throughout  the  Birmingham  district  with  the  exception  of  slight 
modifications  which  are  rendered  necessary  by  differences  in  the 
geologic  structure.  In  the  Coosa  and  Cahaba  basins  the  coal-bearing 
strata  generally  dip  from  5^  to  30^,  but,  as  on  the  southeastern  mar- 
gin of  the  Cahaba  basin,  the  dip  is  60°  or  in  places  even  90°.  Practi- 
cally all  of  the  mines  are  opened  by  slopes,  the  main  entry  following 
the  dip  of  the  coal.  From  these  slopes  the  coal  is  mined  by  the  room- 
and-pillar  system.  In  the  central  and  western  parts  of  the  Warrior 
field,  where  the  coal  beds  are  nearly  flat  and  the  coal  is  above  the 
drainage  levels,  the  mines  are  opened  almost  exclusively  by  drifts. 
Along  the  southeastern  margin  of  the  Warrior  basin,  where  the  dip  is 
40°  to  90°,  the  mines  are  opened  by  slopes;  at  a  few  mines  shafts  are 
empbyed  for  reaching  the  lower  <coal.  Shafts  are  also  used  in  the 
southern  part  of  the  basin  where  the  coal-bearing  formations  pass 
below  the  drainage  level.  The  room-and-piUar  system  of  mining  also 
prevails  in  this  part  of  the  district.  In  1899  only  one  mine  was  re- 
ported as  using  the  long  wall  system,  and  only  3^  per  cent  of  the  out- 
put was  mined  by  machines,  whereas  in  1913  the  machine-mined 
coal  amounted  to  23.3  per  cent.  The  number  of  machines  in  opera- 
tion in  1899  was  53,  and  in  1913,  ?77.  In  1912,  35.1  per  cent  of  the 
coal  was  shot  off  the  solid,  and  in  1913,  39.9  per  cent,  an  increase  of 
5.8  per  cent.  Tail  rope,  endless  rope,  electric,  and  mule  haulage  are 
employed. 

ROOF. 

So  far  as  the  character  of  the  roof  is  concerned,  whether  sand- 
stone or  shale,  it  is  generally  strong.    The  roof  of  the  Thompson  bed 
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(southern  part  of  the  Cahaba  field)  is  of  shale  10  feet  thick  that 
slakes  rapidly  and  f aUs  badly,  so  that  it  is  necessary  to  put  in  heavy 
timber  in  the  main  haulage  ways.  A  fragile  shale  roof  is  reported  in 
a  few  mines. 

BBPOBTABLB   ACCIDBirrS  AND  ORGANIZATION  OF  INSFBGTION 

SBBVIOB. 

The  office  of  inspector  of  mines  of  Alabama  was  created  by  an  act 
approved  February  18,  1891,  applying  to  all  coal,  iron,  or  other 
mines  where  20  or  more  men  were  employed  undergroimd.  The 
inspector  was  appointed  by  the  governor,  and  was  required  to  ex- 
amine every  mine  at  least  once  every  three  months.  By  an  act 
approved  February  16,  1893,  the  operators  were  required  to  notify 
the  inspector  of  fatal  accidents,  and  the  inspector,  at  the  operator's 
request  or  the  request  of  three  miners,  examined  into  the  cause  of 
such  accidents,  and  preserved  in  his  office  a  record  of  each  accident 
of  which  he  received  notice.  Biennial  reports  were  rendered  to  the 
governor.  The  act  of  February  18,  1895,  made  it  the  duty  of  mine 
operators  to  report  to  the  inspector  serious  as  well  as  fatal  accidents 
in  and  about  the  mines.  A  chief  inspector  and  two  associate  mine 
inspectors  were  provided  for  by  the  act  of  February  16,  1897,  the 
chief  inspector  to  report  biennially  to  the  governor.  The  act  of 
April  18,  1911,  authorized  the  governor  to  appoint  an  iiiispector  of 
coal  mines  for  each  2^  miUion  tons  of  coal  mined,  or  majority  frac- 
tion thereof,  based  on  the  output  for  previous  years  as  compiled  by 
the  chief  mine  inspector,  one  of  the  inspectors  so  appointed  to  be 
designated  chief  inspector,  and  the  others  associate  inspectors,  and 
one  of  them  to  be  a  mining  engineer.  The  law  required  the  inspector 
to  report  to  the  governor  before  the  legislature  convened. 

The  practice  of  mine  operators  in  Alabama  is  to  report  to  the 
inspectors  all  accidents  causing  10  days'  disability.  A  serious  injury 
is  considered  as  one  causing  disability  for  30  days,  a  slight  injury 
being  one  which  disables  an  employee  1  to  29  days.  Only  the  serious 
injuries  are  published  in  the  inspector's  annual  reports. 

In  1915  there  were  one  chief  inspector  and  six  district  inspectors. 

ACCIDBNTS. 

The  accompanying  tables  show  the  number  of  fatalities  by  causes 
and  calendar  years  since  1893  as  compiled  from  the  State  mine  inspec- 
tors' annual  reports.  These  tables  also  show  the  percentage  of  acci- 
dents, classified  by  principal  causes,  and  the  fatality  rate  per  1,000 
men  employed  over  a  period  of  21  years  for  which  continuous  records 
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are  available.  The  fatality  rate  during  this  period  is  5.25  per  1,000 
mem  employed.  Since  1897  to  the  end  of  1913  there  have  been  12 
disasters  in  which  5  or  more  men  were  killed  at  one  time,  representing 
a  total  of  600  fatalities,  or  approximately  27  per  cent  of  the  total 

PATALTTIBS  IN  AfJIRAMA  COAL  MINE8.  BY  PRINCIPAL  CAUSES,  DURING  21  YEARS» 

1»3  TO  1913«  INCLUSIVE. 


CMiMOfaoeldiiit. 


Undwimmnd: 

FaU  of  XDoC  and  pillar  (ooal,  lock,  etc.) 

Mine  can  and  looomotlTos 

aaaanddoBtaxpIosioas 

Bxplo8iv«s 

Misoillaneous 

ea 

Total  (21  yean) 


Number  kUled. 


Total. 


713 
193 
e20 

96 

203 

8 

28 


1,861 


Percent. 


38.31 
10.37 
83.32 

6.16 

10.91 

.43 

1.50 


100.00 


Perl/XX) 

em- 
ployed. 


2.01 
.65 

1.76 
.27 
.57 
.02 
.08 


6.26 


COAL-MINE  ACCIDENTS  IN  ALABAMA  IN  WHICH  6  OR  MORE  MEN  WERE  KILLED. 


Date. 


1897  Sept.  20 

1809  Feb.  21 

1905  Feb.  20 

1900  Feb.  27 

1907  Dee.  16 

1900  Feb.    2 

1910  Apr.  20 

1910  May    5 

1910  Not.  3 

1911  Apr.    8 
IMS  Ang.  13. 

1013  Not.  18 
1914  7an.  10 

1014  Oct.    6 


Name  of  mine. 


BeDe-EIlen.... 
Blocton  No.  2. 
VindniaCitT.. 
Lit&eCababa. 

Yolande 

Short  Cieek... 

Molga 

PakwNo.d... 
Yolande  No.  1 

Banner 

Abemant 

Acton  No.  2. . . 
Rocic  Castle. . . 
Mttlga 


Location  of  mine. 


BeUe-EUen... 

BkKston 

Virginia  City. 

Piper 

Yolande 

Short  Creek.. 

Mulga. 

Palos 

Yolande 

LltUeton 

Abemant.... 

Acton 

Rockcastle.. 
Muiga 


Nature  of  accident. 


Mine  fire 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Number 
killed. 


5 

6 

108 

12 

66 

16 

-40 

83 

6 

128 

18 

24 

12 

16 


killed  from  1893  to  1913.  Falls  of  roof  are  responsible  for  38.31  per 
cent  of  all  the  fatalities  since  1893;  gas  and  dust  explosions  com- 
bined represent  33.32  per  cent.  The  average  production  of  coal  per 
fatality  was  118,865  tons,  or  there  were  8.41  fatalities  per  million 
tons  mined. 

Since  1903  practically  62  per  cent  of  the  men  employed  in  the 
mines  of  Alabama  have  been  on  a  10-hour  basis.  This  alone  partly 
accounts  for  the  higher  rate  when  compared  with  Iowa  or  Ohio,  in 
which  States  all  of  the  men  are  on  an  8-hour  day.  The  average 
number  of  hours  worked  a  year  per  man  is  2,255,  as  compared  with 
1,495  for  Ohio  or  1,704  for  Iowa  (Table  40).  The  fatality  rate  r^ 
duced  to  a  2,000-hour  basis  becomes  5.78  for  the  10-year  period  1903- 
1913|  as  compared  with  6.52   per  1,000  men  actually  employed. 
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VUMBEB  OF  HOURS  TO  THE  WORKING  DAY.  BY  YEARS.  IN  AND  ABOUT  THE  COAI4 

MINES  IN  AT.ABATIffA.a 


Year. 


fi-taoorday. 


1903.. 

1904.. 

1905.. 

1006.. 

1907.. 

1906.. 

1900  6. 

1010.. 

1011.. 

1012.. 

1013. . 


Number 
ot  mines. 


20 
17 
24 
27 
31 
16 


18 
15 
11 
13 


Men  em- 
ployed. 


035 
876 
1,009 
1,096 
1,904 
1,205 


766 
550 
338 
420 


O^MJorday. 


Number 
of  mines. 


34 
50 
32 
37 
34 
34 


36 
50 
46 
36 


Men  em- 
ployed. 


7,665 
5,783 
3,570 
7,806 
2,330 
2,358 


2,633 
5,345 
4,145 
2,406 


lO-hoor  day. 


Number 
of  mines. 


61 
50 
65 
01 
84 
100 


134 
102 
107 
135 


Men  em- 
ployed. 


10,746 
8,400 
11,270 
11,268 
13,042 
11,060 


17,306 
12,628 
13,038 
18,185 


Men  em- 
ployed 
otlier 

than  8.0, 
or  10 
hours 

per  day. 


2,002 
2,763 
8,677 
303 
3,113 
3,665 


1,525 
3,480 
4,102 
3,461 


Total 
nmnlMr 
of  men 


ployed. 


11,431 

17, 8U 
If,  816 
10,656 
S1,S8S 

it,m 

17,760 
»,»0 
tl.0OI 
»,6U 

0m^  Ww 


a  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  S.  Oeol.  Survey. 


b  Census  year. 


NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  ALABAMA  AND 
THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2,000-HOUR  WORKERS. 


Year. 


1003. 
1904. 
1905. 
1006. 
1007. 
1906. 
1900. 
1010. 
1011. 
1012. 
1013. 


Days 
worked. 


228 
216 
225 
237 
242 
222 


Total  hours 
per  day 
(nil  en^ 
ployees.) 


202,753 
167,832 
186,565 
10^157 
204,440 
183,537 


Total  hours 
per  year. 


46,227,684 
36,251,712 
41,077,125 
46,252,200 
40,474,480 
40,746,214 


Number 
of  2/)0O- 

bour 
workers. 


23,114 
18,126 
20,080 
23,126 
24,737 
30,373 


Fatalities. 


Total. 


57 

83 

187 

06 

154 

106 


1,000 
2,000- 

hour 
worken. 


S.47 
4.68 
8.01 
4.16 
•.IS 
6.80 


240 
227 
945 
255 


216,610 
210,105 
217,117 
238,733 


53,035,890 
47,603,835 
53,103,665 
60,876,915 


26,968 
23,847 
26,597 
30,430 


200 
123 
124 


8 
8 
4.81 

4.07 


77 


Tables  have  been  compiled  showing  the  fatality  rates  for  all  the  States 
both  on  the  basis  of  actual  employees  and  the  nmnber  of  2y000-hoiir 
workers,  so  that  by  referring  to  Tables  40  and  41  a  true  comparison 
of  Alabama  with  other  States  may  be  readily  made.  The  tables  of 
statistics  for  the  State  follow: 
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STATISTICS  OF  STRIKES  AND   LOCKOUTS  IN   AND  ABOUT    THE  COAL    MINES    IN 

ALABABIA^a 


I 

1901 

1902 

1903 

1901 


Nnxnbw 

of  man 

affected. 


1,135 
1,056 
L170 
6,059 
7,319 
9,518 
667 
649 


Total 
days 
lost. 


68,925 

50,620 

14,071 

139,783 

231,112 

762.032 

33,262 

6,576 


Avenge 
number 
of  days 
lost  per 
man. 


61 

48 

r 

23 
32 
80 
60 
12 


1907. 
1906. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 


Number 

of  men 

affected. 


Total 
days 
lost. 


80 
8,397 


25 

210 

384 

1,048 

320 


3,600 
373,513 


1,260 

1,260 

12,323 

27,041 

3,040 


ATerage 
number 
of  days 
lost  per 


45 
44 


50 
6 
82 
26 
12 


•  Compiled  from  annual  yolumes  of  Mineral  Resources,  U.  S.  Oeol.  Survey. 
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ABKANSAS. 

ABEA  AND  DISTBIBTTTION  OF  GOAL  FIELDS. 

The  semibitxuninous  coal  field  of  Arkansas  occupies  the  west- 
central  part  of  the  State,  having  a  length  from  east  to  west  of  75 
miles.  At  the  Oklahoma-Arkansas  line  it  is  about  50  miles  wide 
and  at  the  eastern  extremity  about  25  miles  wide.  It  comprises 
about  1,580  square  miles,  of  which  75  per  cent  is  considered  as  pro- 
ductive. The  coal-bearing  rocks  occupy  the  larger  part  of  Crawford, 
Franklin,  Sebastian,  Johnson,  and  Logan  counties. 

The  lignite  field  of  Arkansas  occupies  the  eastern  part  of  the  State 
and  is  possibly  coextensive  with  the  Tertiary  rocks  of  the  Mississippi 
Valley.  The  estimated  area  of  these  rocks  is  6,000  square  miles,  but 
workable  lignite  has  been  discovered  at  only  a  few  places,  and  at  no 
place  is  it  mined  on  a  commercial  scale. 

SEMIBITUMINOUS  FIELD. 

The  semibituminous  field  is  the  eastward  extension  of  the  Okla- 
homa fields,  but  in  Arkansas  there  is  only  one  coal  bed  of  commercial 
importance,  the  Hartshorn^,  which  lies  just  above  the  massive  Harts- 
home  sandstone  and  at  the  base  of  the  Spadra  shale.  *This  coal  is 
mined  extensively  in  the  vicinity  of  Huntington,  Midland,  Green- 
wood, and  Jenny  lind,  in  the  western  part  of  the  field,  and  is  from  3 
feet  to  8  feet  thick.  Where  the  bed  is  less  than  4  feet  thick,  it  is 
generally  clean  coal,  but  where  the  thickness  increases  to  6  or  8  feet 
the  bed  is  broken  by  many  soft  shale  partings. 

The  field  as  a  whole  is  a  broad,  open  synclinal  basin  or  trough,  with 
many  minor  folds  and  faults  that  break  the  regularity  of  outline  and 
seriously  interfere  with  economical  mining.  The  Hartshome  coal 
bed  outcrops  around  the  rim  of  the  basin,  but  only  part  of  the  exposed 
outcrop  is  thick  enough  to  mine  under  present  conditions. 

The  coal  is  of  high  rank,  comparing  favorably  with  the  Pocahontas 
and  New  River  coals  of  the  Appalachian  region.  In  the  west  end  of 
the  field  it  is  semibituminous,  but  its  rank  increases  eastward  to  semi- 
anthracite  about  Spadra  and  Russellville.  -^ 

IQNINO  METHODS. 

The  first  records  of  coal  production  in  Arkansas  extend  back  to 
1840,  when  220  tons  of  coal  were  mined.  The  production  has  grad- 
ually increased  to  1913,  when  2,234,107  tons  were  produced.  Most  of 
the  mines  are  opened  by  shafts,  but  a  few  are  opened  by  slopes.  The 
room-and-pillar  method  of  mining  prevails  throughout  the  State. 
About  99  per  cent  of  the  coal  produced  comes  from  the  Huntington 
field,  from  what  is  known  as  the  Hartshome  seam  of  Oklahoma. 


COAI/-MIKS  FATALITIES  IN  THE  UNITED  STATES,  1870-I9I4.      147 

Ooal-miniiig  machines  were  used  in  Arkansas  in  1896,  at  which 
time  there  were  14  machines  in  operation,  producing  ahout  3  per 
cent  of  the  coal.  Fifteen  to  20  machines  were  kept  in  operation 
until  the  close  of  1902,  and  from  that  year  until  1910  no  mining 
machines  were  used  in  the  State.  In  1911  there  were  14  machines 
in  use,  producing  a  little  more  than  1  per  cent  of  the  coal  mined.  In 
1913  there  were  27  machines,  producing  slightly  over  11  per  cent 
of  the  coal.  In  1912,  92  per  cent  of  the  coal  was  shot  off  the  solid; 
in  1914,  78  per  cent  was  thus  mined. 

BEPOBTABLB   AOdDBNTS   AND  ORGANIZATION  OF  INSFECTION 

SEBVIOB. 

By  an  act  approved  March  7,  1889,  the  legislature  of  Arkansas 
established  a  Bureau  of  Mines,  Manufactures,  and  Agriculture,  under 
the  supervision  of  a  commissioner,  whose  duties  included  the  coUec- 
tion  and  publication  of  statistics  setting  forth  the  extent  of  the  min- 
eral resources  of  the  State,  the  purpose  being  to  encourage  immigra- 
tion to  Arkansas.  The  act  made  no  provision  for  the  investigation 
or  reporting  of  mine  accidents,  but  a  subsequent  law,  approved 
April  4, 1893,  which  was  still  in  force  in  1914,  provided  for  the  appoint- 
ment by  the  governor  of  a  mine  inspector,  to  whom  all  fatal  or  serious 
accidents  in  coal  mines  should  be  reported  by  mine  operators.  The 
inspector  investigates  all  fatal  accidents  to  determine  the  cause 
thereof.  He  is  required  to  personally  inspect  all  coal  mines  in  the 
State  where  20  or  more  men  are  employed  imderground,  to  insure 
the  safety  and  health  of  the  workmen,  and  to  see  that  the  provisions 
of  the  act  are  properly  observed  and  enforced.  The  act  is  not  appli- 
cable to  mines  employing  less  than  20  men.  Annual  reports  are 
rendered  to  the  governor  on  the  1st  day  of  November  of  each  year. 

Mine  operators  report  to  the  inspector  all  injuries  resulting  in  at 
least  two  days'  disability,  and  these  are  included  in  the  annual  reports 
which  the  inspector  renders  to  the  governor.  Injuries  involving  10 
or  more  days'  disability  are  classified  as  serious,  aU  others  being  con- 
sidered slight  injuries. 

In  1915  the  inspector  employed  no  assistants. 

ACCIDBNTS. 

The  accompanying  tables  (Nos.  87  and  88)  give  the  production, 
number  of  employees,  and  number  of  men  killed  in  and  about  the 
coal  mines  of  Arkansas,  compiled  from  the  best  records  available. 
The  accident  records  began  with  1897,  although  the  inspection  serv- 
ice began  at  an  earlier  date.  There  are  no  records  for  the  years 
1899,  1900,  and  1904,  and  the  record  for  1903  is  incomplete.  For 
the  9-year  period  for  which  continuous  records  are  available,  1905 
to  1913,  inclusive,  107  men  were  killed,  representing  a  fatality  rate 
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FATALITIES  IN  ARKANSAS  COAL  HINES,  BY  PRINCIPAL  CAUSES.  DUBINO  9  YEABS, 

1905  TO  1913.  INCLUSIVE. 


Cause  of  accident. 


Underground: 

Fail  of  roof  and  pillar  (ooal,  rock,  etc.) 

Mine  cam  and  locomotives 

Oas  and  dust  explosions 

Explosives 

Miscellaneous 

Shaft 

Surface .' 

Total,  9  years 


Number  killed. 


Total. 


65 
2 
2 
15 
20 
2 
1 


107 


Percent. 


60.75 

L87 

1.87 

14.01 

18.69 

L87 

.94 


100.00 


Per  1,000 

em- 
ployed. 


1.46 
.06 
.05 
.34 
.45 
.05 
.08 


2.42 


COAL-MINE  ACCIDENTS  IN  ARKANSAS  IN  WHICH  5  OR  MORE  MEN  WERE  KILLED. 


Date. 

Name  of  mine. 

Location  of  mine. 

Nature  of  accident. 

Number 
of  men 
killed. 

1897   Mar.  4 

Kansas    and    Texas 
No.  44. 

TTiintlngton 

Powder  and  dust  ex- 
plosion. 
Oas  exDloslon 

14 

1903    Nov.20 

11 

of  2.42  per  1,000  men  employed.  The  production  per  fatality  was 
180,117  tons,  or  there  were  6.66  fatalities  per  million  tons  mined. 
There  have  been  two  serious  mine  explosions  since  1897,  in  which  25 
men  were  killed. 

The  8-hour  day  prevails  in  Arkansas  and  the  actual  number  of 
hours  worked  per  man  a  year  is  1,314  (Table  40),  as  compared  with 
2,255  hours  for  Alabama  and  1,539  hours  for  Missouri.  A  fatality 
rate  for  the  10-year  period,  1903  to  1913  (except  1909),  for  which 

NUMBER  OF  HOURS  TO  THE  WORKING  DAY,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  ABKAN8AS.A 


8-hour  day. 

9-boarday. 

lO-honr  day. 

Number 
of  men 

employed 
other 

tban8,9, 
or  10 
hours 

per  day. 

Total 
Bomber 
of  mea 

em- 
ployed. 

Year. 

Number 
of  mines. 

Men  em- 
ployed. 

Number 
of  mines. 

Men  em- 
ployed. 

Number 
of  mines. 

Men  em- 
ployed. 

1903 » 

38 
42 
45 
55 
67 
67 

4,029 
4,472 
4,146 
4,282 
4,970 
5,325 

2 

14 

114 

108 

30 

16 

115 

12 

4,U7 
4,680 

1004 

1905 

1 

16 

4,1M 

1906 

4,898 
6,916 

6,m 

5,166 
6,961 
6,  SSI 
4,it6 
4,668 

1907 

1908 

19006 

1910 

63 
53 
46 
53 

5,312 
5,196 
4,196 
4,652 

2S6 
142 
340 

1911 

1913 

1913 

a  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  S.  Oeol.  Survey.         b  Census  year. 
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NUXBER  OF  HOUBS  WORKED  IN  AND  ABOUT  THE  COAL  KINES  IN  ARKANSAS  AND 
THE  FATALITir  RATE  BASED  ON  THE  NX7MBER  OF  3,000-HOUR  WORKERS. 


1905. 
1S06. 
1907. 


1900. 

ino. 

1911. 
1913. 
1913. 


Dftys 
wornd. 


223 
165 
177 
165 
190 
145 


Total  boms 

per  day 

(all  em- 

pkyyMs). 


33,398 
36,748 
33,582 
34,400 
40,795 
43,706 


TotallioiUB 
peryMT. 


7,447,754 
6,063,420 
5,944,014 
5,676,000 
7,751,050 
6,192,660 


NumlMr 

of  2,000- 

hoar 


3,724 
3,033 
2,972 
2,838 
3,876 
3,096 


FatalltiM. 


Total. 


8 
13 
13 
14 


1.099 
9.960- 

hov 


9.99 
4.69 
3.35 
4.19 


128 
133 
157 
174 


44,800 
42,846 
36,628 
87,216 


5,734,400 
5,696,518 
5,750,596 
6,475,584 


2,867 
2,849 
2,875 
3,238 


14 

12 

6 

12 


4.99 

4.81 
9.69 
8.71 


complete  data  are  available,  is  2.36  per  1,000  men  employed.  This, 
however,  reduced  to  a  common  basis  of  2,000-hour  workers,  shows  a 
rate  of  3.74  per  1,000.  Table  41  shows  the  other  States  worked  out 
on  a  similar  basis,  so  that  comparisons  may  be  readily  made.  The 
tables  of  statistics  for  the  State  follow: 

STATISTICS   OF  STRIKES  AND   LOCKOUTS  IN  AND   ABOUT   THE   COAL    lONES    IN 

ASKANSAS.a 


1900. 
1901. 


1903. 
1904. 


Number 

of  men 

affected. 


2,041 
47 


14 


76 

625 

3,828 


Total 
days 
lost. 


216,365 
5,040 


140 

2,078 

1,434 

7,806 

291,095 


Areiage 
number 
of  days 
lost  per 
man. 


106 
107 


10 
5 
19 
12 
76 


Year. 


1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914. 


Number 

Total 

of  men 

days 

affected. 

lost. 

1,185 

35,835 

4,037 

387,841 

1,443 

41,836 

4,873 

713,210 

665 

4,615 

403 

37,685 

1,221 

32,481 

1,415 

159,854 

Arerage 
number 
of  days 
lost  per 
man. 


96 
29 

146 

7 

94 

27 

113 


•  Conqdled  fh>m  annual  volumes  of  Mineral  Resonroes,  U.  S.  OeoL  Survey. 
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CALIFORNIA. 

ABBA  AND  DISTBXBUTION  OF  COAL  FIELDS. 

The  area  and  distribution  of  the  coal  fields  of  California  are 
described  by  Parker^  as  follows: 

There  are  in  GaUfoniia  a  number  of  small,  widely  sepaiated  coal  fields,  chief  among 
them  the  Mount  Diablo  field  of  Contra  Costa  County,  the  Corral  Hollow  field  of  Ala- 
meda County,  a  small  area  in  Amador  County,  the  Priest  Valley  and  Trafton  fields  of 
San  Benito  County,  and  the  Stone  Canyon  field  of  Monterey  County.  Thafirst  two, 
.  which  are  on  the  eastern  border  of  San  Francisco  Bay,  and  consequently  in  the  west- 
central  part  of  the  State,  produce  black  lignite  or  subbituminous  coal.  The  areas  in 
Monterey  County  are  more  to  the  south  and  in  or  near  a  region  which  has  been  con- 
siderably distorted.  The  coab  are  of  the  same  geologic  age  as  those  farther  north,  but 
they  have  been  altered  into  true  bltuiminous  coab.  The  alteration  in  the  San  Benito 
County  area  has  not  progressed  so  far  as  in  the  case  of  the  Monterey  County  coals,  but 
they  closely  approach  the  bituminous  grade.  None  of  them  possess  coking  qualities. 
'nie  records  of  the  State  Mining  Bureau  of  California  show  a  production  of  coal  in 
that  State  as  early  as  1861.  It  was  at  that  time  one  of  the  16  coal-producing  States, 
and,  relatively,  of  some  importance  as  a  coal  producer.  During  the  latter  part  of  that 
decade  and  throughout  the  following  decade  the  coal  production  of  California  exceeded 
100,000  tons  annually  and  reached  a  maTJmum  of  236,950  tons  in  1880.  Since  1881 
the  production  has  been  irr^^ular,  having  been  influenced  chiefly,  up  to  the  beginning 
of  the  present  century,  by  the  imports  of  Australian  and  British  Columbian  coals,  the 
receipts  of  Australian  coals  depending  principally  upon  the  wheat  production  and 
shipments  from  the  Pacific  coast.  Since  1900,  with  the  great  increase  in  the  produc- 
tion and  use  of  petroleum  which  began  in  that  year,  coal  production  in  CaUfomia  has 
fallen  to  an  insignificant  quantity. 

ACCIDBNTS. 

Tables  89  and  90  show  the  production  of  coal  and  the  number  of 
men  employed  since  1889,  for  which  reasonably  complete  records  are 
available.  Records  of  fataUties,  however,  date  back  only  to  1909. 
In  1876  there  was  one  explosion  at  NortonvillC;  in  which  six  men  were 
killed,  and  in  1909  there  was  another  at  Chancellor,  which  also  killed 

COAXr-UINB  ACCIDENTS  IN  CAUFORNU  IN  WHICH  FIVE  OR  MORE  HEN  WERE  KILLED. 


Date. 

Name  of  mine. 

Location  of  mine. 

Natore  of  accident. 

Number 
of  men 
killed. 

1876   Jal724. 

1909    Ian.  19 

Black  Diamond 

Stone  Canyon 

NortonviUe 

Mine  explosion 

do..:. 

<t 

Chancellor 

5 

six  men.  As  is  shown  by  the  table  following,  the  coal-mining  industry 
of  California  is  small,  hence  httle  attention  has  been  given  to  the  col- 
lection of  accident  and  labor  records.  With  the  passage  of  the  com- 
pensation laws  no  doubt  more  complete  records  will  be  available  in 
the  future.     The  tables  of  statistics  for  the  State  follow: 


•  Parker,  B.  W.,  The  production  of  coal:  MtiMral  Resouroeti  of  the  United  States  for  1913,  U.  S.  Oeol. 
Sonrqr,  1914,  pp.  819-820.  • 
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COLORADO. 

ABEA  AND  DISTBIBTJTION  OF  COAL  FIBLDS. 

The  coal  fields  of  Colorado  comprise  an  area  of  about  19,700  square 
miles,  but  in  3,800  square  miles  of  this  territory  the  coal  beds  may  be 
3,000  feet  or  more  below  the  surface. 

The  fields  may  be  grouped  geographically  into  three  groups,  known 
as  the  Eastern,  Park,  and  Western  groups.  The  fields  of  each  group 
occupy  more  or  less  irregular  synclinal  basins  along  the  foothiDs,  and 
on  the  sides  nearer  the  mountains  the  rocks  are  more  or  less  upturned 
and  disturbed. 

The  Eastern  group  includes  the  Trinidad,  Canon  City,  and  Boulder 
coal  fields,  which  yield  about  two-thirds  of  the  coal  now  mined  in 
Colorado.  The  Park  group  includes  the  fields  in  the  South,  Middle, 
and  North  Parks  in  the  north-central  part  of  the  State,  and  is  not 
extensively  developed. 

The  Western  group  is  the  largest  in  area.  It  includes  the  Yampa 
field  in  the  northern  part  of  the  State,  and,  to  the  south  of  the  Yampa, 
the  Danforth  Hills,  White  River,  Grand  Hogback,  Glenwood  Springs, 
Crested  Butte,  Grand  Mesa,  Book  Cliffs,  and  Durango  fields,  the 
Durango  being  in  the  extreme  southwestern  part  of  the  State.  About 
one-third  of  Colorado's  coal  is  produced  in  this  group  of  fields. 

CHABAGTEB  OF  COAL  BEDS. 

In  the  Trinidad  field  the  coal  beds  are  the  same  as  those  of  the 
Raton  field  in  New  Mexico  and  range  from  3}  to  9  feet  in  thickness. 
In  some  sections  as  many  as  7  workable  beds  have  been  discovered, 
all  of  which  are  contained  in  the  lower  900-foot  level  of  the  Vermejo 
(formerly  called  Laramie)  formation.  In  the  southern  part  of  the  field 
the  measures  lie  nearly  horizontal,  but  to  the  north  the  inclination 
increases  slightly,  varying  from  3*^  to  10®.  The  Trinidad  field  con- 
tains a  large  amount  of  coking  coal  and  manufactures  about  600,000 
tons  of  coke  annually.  In  some  mines  in  the  vicinity  of  Starkville 
a  thick  sandstone  forms  a  good  roof;  in  other  mines  there  is  a  ^'draw 
slate"  between  the  coal  and  sandstone,  making  a  poor  roof.  In  the 
vicinity  of  Gray  Creek  the  coal  bed  is  almost  level  and  is  rather  irreg- 
ular, ranging  from  4  to  14  feet  thick. 

The  second  field,  as  regards  production,  is  the  Boulder  field,  north 
of  Denver.  There  the  coal  is  much  softer  than  that  of  the  Trinidad 
field,  being  classed  as  subbituminous  (black  lignite).  The  associated 
rocks  are  also  softer,  rendering  mining  more  difficult  than  it  is  where 
the  rocks  are  harder  and  form  a  better  roof.  The  coal  beds  range  in 
thickness  from  3  to  14  feet  and  generally  are  flat-lying,  except  near  the 
west  edge  of  the  basin,  where  the  coal  and  also  the  adjacent  sandstone 
and  shale  beds  dip  strongly  to  the  east. 
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In  the  Canon  City  field  the  rocks  throughout  most  of  the  field  dip 
west  about  2°  to  5^.  Along  the  western  margin  of  the  strata  is  a 
thrust  fault  cutting  across  the  coal  measures,  and  near  this  fault  the 
beds  are  sharply  upturned,  in  some  instances  being  practically  verti- 
cal. The  coal  beds  range  in  thickness  from  2^  to  6  feet  and  generally 
are  free  from  partings. 

MININa  HBTHODS. 

The  production  of  coal  in  Colorado  dates  back  to  1864,  when  about 
500  tons  was  mined.  The  production  for  1913  was  9,232,510  tons. 
The  total  production  for  the  State  up  to  the  end  of  1913  is  175,361,698 
tons.  In  1911,  of  140  of  the  principal  mines  41  were  shaft  and  99 
were  slope  and  drift  mines.  In  Las  Animas  County,  which  is  the 
kigest  producer,  over  40  mines  are  slope  mines;  only  one  or  two  are 
shaft  mines.  The  room-and-pillar  system  of  mining  prevails  largely 
throughout  the  State. 

In  the  Canon  City  district,  the  long-wall  system  has  been  used  to 
some  extent  in  coal  beds  that  vary  from  3  to  4  feet  thick  and  are 
tapped  by  shafts  300  to  400  feet  deep.  At  the  Radiant  mine,  where 
the  coal  .bed  is  3  feet  to  3  feet  9  inches  thick,  a  combination  of  the 
room-and-pillar  and  the  long-wall  methods  is  used,  and  the  coal  is 
und^cut  by  electric  machines.  The  coal  is  jointed  and  breaks  into 
laj^e  lumps.  At  the  Diamond  mine,  in  the  vicinity  of  Canon  City, 
the  coal  beds  dip  55^  to  75^.  At  the  Royal  Gorge  mine  tho  dip  is 
about  50^  and  the  two  coal  beds  mined  are  separated  5  feet  to  7  feet. 
The  lower  bed  is  mined  first  by  upward  stoping  from  a  horizontal  level. 
The  Ldtt^ll  mine  is  opened  by  a  shaft  1,065  feet  deep  (1908),  which 
is  the  deepest  coal  shaft  in  the  State.  The  coal  at  this  point  dips 
about  5^  to  the  west  and  is  5^  feet  thick. 

Coal-mining  machines  have  been  in  use  in  Colorado  since  about 
1891 ,  at  which  time  20  machines  were  in  operation.  This  number  has 
gradually  increased  until  in  1914  there  were  306  machines  in  use, 
producing  25  per  cent  of  the  coal. 

Shooting  off  the  solid  is  practiced  less  in  Colorado  than  in  many 
other  States,  the  coal  thus  mined  in  Colorado  being  11  to  14  per  cent 
of  the  total  coal  produced.  About  60  per  cent  of  the  coal  is  pro- 
duced by  hand  mining  methods.  The  amoimt  of  coal  mined  per  man 
per  year  in  1887  was  333  tons;  in  1913  it  was  770  tons. 

BSPOBTABLB   AOGIDBNTS  AND   OBOANIZATIOK  OF  INSPECTION 

SEBVICB. 

The  Legislature  of  Colorado,  by  an  act  approved  February  24, 1883, 
provided  for  the  appointment  of  an  examining  board,  to  examine 
applicants  for  the  position  of  State  inspector  of  mines.    From  the 


158      COAL-MINE  FATALITIES  IN  THE  UNITED  STATES,  1870-1914. 

list  of  eligibles  thus  established  the  governor  was  authorized  to  appoint 
a  mine  inspector  for  a  term  of  four  years.  Section  12  provided  that 
the  act  should  apply  to  any  coal  mine  where  more  than  12  men  were 
employed  undergroxmd.  The  inspector  was  required  to  examine  at 
least  once  each  quarter  every  mine  employing  more  than  20  men,  to 
make  a  record  of  such  inspection,  showing  the  number  of  employees, 
and  number  of  accidents  and  deaths,  and  to  file  a  report  in  the  office 
of  the  secretary  of  state  on  the  first  Monday  in  November  preceding 
the  biennial  sessions  of  the  legislature.  This  report  was  included  in 
the  biennial  report  of  the  secretary  of  state. 

All  accidents  causing  loss  of  life  or  serious  personal  injury  were 
reported  by  the  operators  to  the  inspector.  An  act  of  April  8,  1885, 
extended  the  ii^pection  law  to  cover  all  mines  employing  more  than 
10  men,  and  required  the  inspector  to  examine  such  mines  quarterly. 
On  April  2, 1887,  a  law  was  approved  directing  the  inspector  to  render 
a  biennial  report  to  the  governor  showing  the  number  of  persons 
employed  and  the  number  of  accidents  and  deaths  from  injuries  in 
and  about  the  mines;  the  inspector  was  also  authorized  to  employ 
clerical  or  other  assistance  not  to  exceed  $1,500  per  year. 

An  act  approved  April  4,  1913,  authorized  the  governor  to  appoint 
a  chief  mine  inspector  and  the  chief  thus  selected  to  appoint  five 
deputy  inspectors.  The  chief  and  deputy  inspectors  are  selected 
from  a  list  of  ehgibles  established  by  a  board  of  examiners.  The 
chief  mine  inspector  divided  the  State  into  five  districts  and  assigned 
one  deputy  inspector  to  each  district.  An  annual  report  for  the 
year  ending  December  31  is  rendered  to  the  governor,  the  report  to 
enumerate  all  deaths  and  accidents  causing  disability  for  5  days  or 
more.  Operators  are  required  to  render  monthly  reports  of  fatal  and 
nonfatal  accidents  to  the  inspector,  in  addition  to  sending  to  the  chief 
inspector  immediate  notice  of  all  fatal  accidents. 

Accidents  resulting  in  6  or  more  days'  disability,  which  imder  the 
law  are  reported  to  the  inspector  by  mine  operators,  are  published 
in  the  inspector's  annual  reports  and  are  classified  as  serious  or  slight 
according  to  the  judgment  of  the  State  mine  inspector. 

In  1915  the  inspector  was  assisted  by  four  deputies. 

ACCIDENTS. 

Tables  91  and  92  show  the  total  number  of  fataUties  by  causes  and 
calendar  years  since  1883  as  compiled  from  State  mine  inspectors' 
reports.  The  accompanying  tables  show  the  percentage  of  accidents, 
classified  by  principal  causes,  and  fatality  rate  per  1 ,000  men  employed, 
over  a  period  of  28  years,  1886-1913,  for  which  continuous  records  are 
available.    The  fatality  rate  during  this  period  is  7.14  per  1,000  men 
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FATALITIES  IN  COLORADO  COAL  MINES  BY  PRINCIPAL  CAUSES  DURINO  1886  TO 

1918,  INCLUSIVE. 


Undenroond: 

FaU  of  nwf  and  pillar  (ooal,  rock,  etc) 

Mine  cars  and  looomotiveB 

Qes  and  dust  explosions 

Explosives 

MisoeUaneous 

Siiaft : 

Total  (28  years) 


Number  killed. 


Total. 


852 
141 
517 
60 
83 
36 
49 


1,738 


Per  cent. 


49.02 
8.11 

29.75 
3.45 
4.78 
2.07 
2.82 


100.00 


Per  1,000 

em- 
pk>yed. 


8.50 
.58 

2.12 
.25 
.34 
.15 
.20 


7.14 


OOAL-MIN^  ACCIDENTS  IN  COLORADO  IN  WHICH  5  OR  MORE  MEN  WERE  KILLED. 


Date. 

Name  of  mine. 

Location  of  mine. 

Nature  of  accident. 

Number 
killed. 

1884  Jan.24 

Oested  Batte 

Crested  Butte 

Mine  explosion. 

Inrush  of  water  ttom 

old  shaft. 
Mine  explosion. 

50 

1389  Sspt.9 

White  Ash 

Jefferson  County 

KAng..  ,-. 

10 

1893  Jan.10 

Oomo  a............... 

24 

1896   Feb.  18 

Vnlcan 

New  Castle 

40 

1897  Sept.  8 

gniMhine.  .,-„.,  ^ .,  -  . 

Sunshine. .  i ....  ^ ..... . 

do 

12 

1901   Sept.  16 

Spring  Gnliih.... ...... 

Spring  Gul(Ai.. 

do 

e 

1S08  Ane.  7 

[EibweD 

lfoi»en---»T 

Powder  and  mine  ex- 
plosion. 

Mine  explosion 

do.:. 

13 

1004  Oet.28 

Tercio... 

I^ercfc) 

19 

1906  Feb.  19 

MaitlMid 

14 

1906   Apr.22 

Cuatro.... 

Terek) 

do 

19 

19Q7   Jan.23 

Prlmflpo.  ■...■•••••••.. 

PriPieio. 

do 

24 

1907   May  19 

Rnffhfvflle. . . . . .  T . .  -  T ,  - 

Rnglevflle 

Mine  At* -- 

5 

1909  JulyO 

Toiler 

TMNTville 

Mine  exploskm 

....  do... 

9 

1910  Jail  31 

Prlmero.  ....•.■.•••■•• 

Primero.  .............. 

76 

1910   Oct.8 

StarindUe 

Victor  American  No.  3. 

Leyden ............... 

StarkvUle 

do 

56 

1910  Nov.  8 

Pelama. .............  t 

Mfaie  fire  and  explo- 
sion. 
Mine  fire 

79 

1910  Dec  14. 

Leyden 

10 

1911   Feb.  9 

Cbkedale 

Trmidad 

Mine  exploskm 

do... 

17 

1912  June  18 

Hwitfnfni  .^ . .  - » .  r  -  T 

HAfftirigs .............. 

12 

1913  Dec.  16. 

Vnlcan 

Newcastle 

do 

37 

employed.  There  were  19  accidents  in  which  5  or  more  men  were 
killed  at  one  time,  representing  slightly  over  28  per  cent  of  aU  of  the 
fatalities  due  to  mine  accidents.  Of  the  total  number  of  fatalities 
49.02  per  cent  were  due  to  falls  of  roof  and  pillar  and  29.75  per  cent 
to  gas  and  dust  explosions.  The  average  production  of  coal  per 
fatality  during  this  period  was  96,798  tons,  or  there  were  10.33 
fatalities  for  each  million  tons  mined. 

Beginning  with  1903  and  including  1912  about  50  per  cent  of  the 
men  were  on  a  10-hour  basis.  In  1913  the  8-hour  law  became  e£Fective 
and  only  a  few  men  were  employed  for  a  longer  day  than  eight  hours. 
The  time  element  has  been  taken  into  consideration  and  tables  com- 
piled on  this  basis  for  comparison  with  other  States.  The  fatality 
rate  for  the  10-year  period,  1903-1913  (Table  40),  based  on  the  actual 
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NUMBER  OF  HOURS  TO  THE  WORKING-DAY,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  COLORADO.a 


Y«r. 


1903.. 
1904.. 
1905.. 
1906.. 
1907.. 
1908.. 
1909  b. 
1910.. 
1911.. 
1912.. 
1913.. 


8-hour  day. 


Nomber 
of  mines. 


24 
55 
61 
67 
60 
79 


61 

57 

61 

146 


Men 
em- 
ployed. 


488 
2,058 
3,660 
5,259 
3,420 
5,158 


2,935 

2,701 

2,923 

11,175 


9-bour  day. 


Number 
of  mines. 


17 
11 
4 
9 
8 
3 


8 

10 

5 

3 


Men 
em- 
ployed. 


692 
432 
180 
655 

3U 
63 


308 

299 

173 

75 


lO-bour  day. 


Number 
of  mines. 


70 
67 
40 
48 
54 
61 


49 

46 

50 

5 


Men 
em- 
ployed. 


7,743 
5,583 
6,551 
5,222 
7,439 
8,535 


5,913 

4,559 

4,631 

128 


Number 
of 

lyiwH  0m* 


01 

than  8, 9, 
or  10 
hours 

per  day. 


306 
50 
020 
232 
3,052 
767 


6,713 

6,814 

5,273 

618 


Total 
mimber 
of  men 

•m- 
ployed. 


»,! 

8,123 
11,  OM 
11,868 
U,ttS 
14,S£3 
11,472 
15,864 
14,373 
13,000 
11,  r" 


o  Compiled  from  annual  volumes  of  liinecal  Resources,  U.  S.  Geol.  Survey.         h  Census  year. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  COLORADO,  AND 
THE  FATALITY  RATE,  BASED  ON  THE  NUMBER  OF  2 A»-HOUR  WORKERS. 


Year. 


1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 


Days 
worked. 


245 
261 
255 
268 
258 
212 


2^ 
207 
227 
229 


Total  hours 
per  day 
(ail  em- 
ployees). 


90,316 
76,632 
102,071 
102,275 
132,026 
134,084 


Total  hours 
per  year. 


22,127,420 
20,000,952 
26,028,105 
27,409,700 
34,092,708 
28,425,808 


Number 
of  2,000- 
hour 
workers. 


11,064 
10,000 
13,  OU 
13,"^ 
17,031 
14,213 


Fatalities. 


Total. 


44 

94 
65 
89 
107 
63 


Per 
1,000 
2,000- 
hour 
workers. 


3.98 
9.40 
4.99 

6.49 
6.28 
4.43 


145,754 

131,215 

118,708 

96,803 


34,397,944 
27,161,506 
26,946,716 
22,181,627 


17,199 
13,fi«l 
13,473 
11,091 


323 
88 
96 

108 


18.78 
6.48 

7.13 
9.74 


number  of  employees  is  8.71,  whereas  on  the  number  of  2,000-hour 
workers  it  is  8.02  per  1,000.  During  the  10-year  period  the  men 
averaged  2,172  hours  employment  per  year.  Table  41  shows  the 
fatality  rate  for  each  year  on  the  2,000-hour  basis,  1903-1913,  for 
each  State,  so  that  a  true  comparison  of  Colorado  with  other  States 
may  be  readily  made. 

The  tables  of  statistics  for  the  State  follow. 
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STATISTICS  OF  STRIKES  AND  LOCKOUTS  IN  AND  ABOUT  THE  COAL  MINES  IN 

COLORADO.* 


19». 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 


Number 

of  man 

affected. 


604 

17 

1,527 

444 
7,103 
3,865 


Total 
dajB  lost. 


31,520 

935 

86,045 

20,845 

407,900 

481,482 


Average 
number 
of  days 
lost  per 
man. 


62 
55 
56 
47 
57 
125 


Year. 


1907. 
1908. 
1900. 
1910. 
1911. 
1912. 
1913. 
1914. 


Number 

of  men 

affected. 


215 

768 

55 

2,044 

150 


7,324 
4,418 


Total 
days  lost. 


0,378 

16,646 

1,250 

195,558 

32,375 


552,082 
1.000,025 


Avenge 
number 
of  days 
lost  per 
man* 


30 
22 
28 
06 
216 


75 
247 


a  Compiled  from  annual  volumes  of  Minexal  Resources,  U.  8.  Oeol.  Survey. 
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GEORGIA. 

ABEA  AND  DISTBIBTTTION  OF  COAL  FIEliDS. 

Parker  *  describes  the  coal-productive  area  of  Georgia  as  follows 

The  coal-productive  area  of  Georgia  underlies  portions  of  two  counties  in  the  ex- 
treme northwestern  comer  of  the  State.  The  Walden  Basin  of  Tennessee  crosses 
Dade  County,  in  Georgia,  and  extending  southwesterly  becomes  the  Blount  Mountain 
and  Warrior  Basins  in  Alabama.  The  Lookout  Basin,  a  narrow  outlying  area,  extends 
from  Etowah  County,  in  Alabama,  in  a  northeasterly  direction  into  Walker  County, 
Ga.  The  total  area  of  the  coal  fields  in  Georgia  is  estimated  at  167  square  miles 
the  smallest  coal  area  of  any  Appalachian  State.  Not  all  of  the  field  is  workable. 
Extensive  operations  have  been  carried  on  in  both  counties,  however,  but  all  of  the 
production  in  1913  was  by  two  companies  operating  in  Walker  County.  On  account 
of  its  high  percentage  (80  per  cent)  of  fixed  carbon  and  its  low  sulphur  content,  the 
Lookout  Moimtain  coal  (Walker  County)  gives  a  large  product  of  excellent  coke 
which  is  sold  to  the  furnaces  of  Chattanooga  and  of  other  points  in  Tennessee  and  in 
Geoi^ia. 

The  earliest  report  by  the  United  States  Geological  Survey  on 
the  production  of  coal  in  Georgia  is  for  1860,  when  1,900  tons  were 
mined.  The  production  gradually  increased  to  its  highest  point  in 
1903,  when  416,951  tons  were  produced,  and  since  then  has  gradually 
declined  to  approximately  200,000  in  recent  years.  No  mining 
machines  are  used  in  the  coal  mines  of  Georgia.  The  reports  of  the 
United  States  Geological  Survey  show  that  all  of  the  coal  in  1913  ** 
was  shot  off  the  solid.  Of  the  total  production,  approximately  one- 
third  of  the  coaJ  is  washed. 

ACCIDENTS. 

Tables  93  and  94  show  the  total  number  of  fatalities  by  causes 
and  calendar  years  since  1909.  They  also  show  the  percentage  of 
accidents  and  fatality  rate  per  1,000  men  employed.  The  average 
production  of  coal  per  fataUty  during  this  period  was  148,111  tons, 
or  there  were  6.75  fatalities  per  million  tons  mined. 

a  Parker,  E.  W.,  Production  of  Coal,  Mineral  Resoouices  of  the  United  States  for  1913,  U.  S.  Geol.  Survey, 
1914,  p.  825. 
b  Parker,  £.  W.,  op  clt.,  p.  825. 
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FATALITIES  IN  GSOBGIA  COAL  MINES,  BY  PRINCIPAL  CAUSES,  DURING  THE  YEARS 

1900  TO  1913,  INCLUSIVE. 


Cause  of  aocidont. 


Number  killed. 


Total, 


Per  ceot. 


Perl,000 

em- 
ployed. 


Undersnnind: 

Fftllof  roof  And  pillar  (coal^rock,  etc.) . 

ICine  cars  and  locomotives 

Oas  and  dustezploeions 

E  zplos  ives 

Misoellaneoas 

Shaft 


6 


8&71 


2.60 


14.29 


.43 


Surface 

Total  (5  years). 


100.00 


3.03 


There  is  no  mine  inspection  in  the  State.    The  tables  of  statistics 
for  the  State  foUow: 
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ILLINOIS. 

ABEA  AND  DISTBIBUTION  OF  COAL  FIELDS. 

The  Illinois  coal  field  is  the  western  part  of  a  broad  and  relatively 
flat  basin  which  extends  eastward  into  Indiana  and  southeastward 
into  Kentucky.  On  the  southwestern  border  of  the  field  the  coal 
beds  are  turned  up  perceptibly,  and  on  the  south  the  margin  is 
marked  by  a  much  steeper  fold,  which  is  overturned  and  faulted 
near  Shawneetown  where  it  crosses  Ohio  River.  On  the  north 
border  the  coal  beds  are  bent  into  a  low,  though  sharply  defined 
anticline  which  extends  from  La  Salle  southeastward  toward  Clark 
Coimty.  Minor  folds,  local  in  extent,  occur  in  dilBferent  parts  of 
the  basin,  but  in  general  the  beds  dip  gently  from  the  margins  of 
the  field  to  a  central  deep  area  where  the  coal-bearing  rocks  have  a 
thickness  of  about  1^500  feet. 

GHABACTE&  OF  GOAL  BEDS. 

There  are  in  the  Illinois  field  a  number  of  coal  beds  of  varying 
thickness,  each  of  which,  however,  is  fairly  regular  and  continuous 
over  large  areas.  The  coal  production  of  Illinois  is  from  six  beds, 
Nos.  1  to  3  and  5  to  7.  No.  6  is  the  most  important  and  averages 
6  feet  thick.  This  bed  produces  over  50  per  cent  of  the  coal;  No.  5 
produces  25  per  cent;  and  No.  2,  10  per  cent. 

The  beds  are  practically  horizontal  and  have  been  opened  at  dif- 
ferent depths  in  the  various  coxmties.  In  Gallatin  County  two  coal 
beds  have  been  mined  at  depths  of  60  and  180  feet,  the  upper  being 

5  feet  thick  and  the  lower  3  feet  thick.  In  Macoupin  Coxmty,  near 
Virden,  coal  No.  5  is  7  feet  8  inches  thick  at  a  depth  of  320  feet.  In 
St.  Clair  Coimty,  near  Belleville,  coal  No.  6  is  8  feet  4  inches  thick 
at  a  depth  of  380  feet.  In  Marion  Coimty,  at  Centralia,  coal  No.  6 
is  7  feet  thick  at  a  depth  of  569  feet  and  at  Sandoval  6  feet  thick  at 
a  depth  of  603  feet.    In  Sangamon  County  the  principal  coal  bed  is 

6  feet  thick  with  a  good  limestone  roof  and  is  opened  by  shafts 
varying  from  65  to  225  feet  in  depth.  In  Perry  County  the  Belle- 
ville, or  No.  6,  coal  bed  is  5  to  6  feet  thick  at  depths  varying  from 
30  to  200  feet  and  dips  slightly  north.  A  shaft  at  Assumption, 
Christian  County,  is  1,003  feet  deep,  being  the  deepest  in  the  State. 

Illinois  coal  is  bituminous,  but  has  a  moisture  content  as  it  comes 
from  the  mine  of  7  to  16  per  cent.  The  best  coal  contains  7  to  10 
per  cent  of  ash,  one-half  to  3  per  cent  of  sulphur,  and  40  to  50  per 
cent  of  fixed  carbon. 

MININa  METHODS. 

The  record  of  coal-production  for  Illinois  begins  in  1833,  during 
which  year  6,000  tons  were  mined.  The  production  for  the  State 
has  gradually  increased  imtil  in  1913  it  amounted  to  61,618,744  tons. 
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As  in  Indiana,  the  shaft  mines  largely  predominate  over  slope  and 
drift  mines,  which  nmnber  less  than  50.  In  1897  only^  52  out  of 
853  mines  used  the  longwall  method,  and  these  were  in  the  north- 
eastern part  of  the  State  in  the  No.  2  bed,  where  the  coal  is  only  3 
feet  thick.  In  the  other  mines  the  room-and-pillar  system  of  mining 
prevails  with  slight  alterations  for  individual  mines  or  different 
coal  beds.  In  1897  only  one-half  of  the  coal  was  imdercut  before 
blasting,  leaving  about  50  per  cent  as  shot  off  the  solid.  In  1912, 
40  per  cent  of  the  coal  was  shot  off  the  sohd,  but  in  1913  this  was 
reduced  to  32.3  per  cent.  In  1888  there  were  272  mining  machines 
in  the  mines,  producing  18.9  per  cent  of  the  coal,  and  in  1913  there 
were  1,845  machines,  which  produced  53  per  cent  of  the  coal,  or  17,685 
tons  per  machme.  The  coal,  being  horizontal  and  uniform,  is  weU 
adapted  to  machine  mining. 

Most  of  the  mines  are  dry,  and  but  httle  pumping  is  required. 
The  deeper  mines, are  drier  than  the  shallow  ones  and  require  sprin- 
kling to  prevent  accumulation  of  dust. 

BSPO&TABLB  AOCIDBNTS  ANB  ORGANIZATION  OF  INSPBCTION 

SE&VICE. 

The  inspection  of  coal  mines  in  Illinois  wa3  inaugurated  by  virtue 
of  an  act  of  the  general  assembly  approved  March  27,  1872,  which 
became  effective  July  1,  1872.  By  section  11  of  this  act  the  county 
surveyors  were  constituted  ex-ofBcio  inspectors  of  mines  within  their 
respective  counties,  each  with  authority  to  call  to  his  aid  a  reputable 
practical  miner.  The  act  also  provided  that  all  accidents  causing 
loss  of  life  or  serious  personal  injury  at  any  coal  mine  or  colliery 
should  be  reported  to  the  county  mine  inspector,  and  that  aU  fatal 
accidents  should  also  be  reported  to  the  coroner  of  the  county  in 
which  the  accident  occxured.  It  was  made  the  duty  of  the  inspector 
to  investigate  aU  accidents  thus  reported  to  him,  and  all  expenses 
incident  to  his  investigation  were  payable  by  the  county  in  which  the 
accidents  occurred. 

By  an  act  approved  June  18,  1883,  effective  July  1, 1883,  the  State 
was  divided  into  five  mining  districts,  and  a  State  mine  inspector  for 
each  district  authorized.  Each  county  was  authorized  to  appoint  an 
assistant  mine  inspector,  if  it  so  desired,  such  county  inspector  to 
perform  his  duties  under  the  direction  of  the  district  mine  inspector. 
The  act  directed  th|kt  accidents  should  thereafter  be  reported  to  the 
district  mine  inspector  instead  of  the  county  inspector,  and  that  fatal 
accidents  might  be  reported  to  a  justice  of  the  peace  in  the  absence  or 
inability  to  act  of  the  coimty  coroner. 

Subsequent  laws  have  made  no  change  in  the  reportability  of  mine 
accidents  as  above  set  forth.  There  are  now  12  inspection  districts 
in  the  State. 

14355*— Bull.  115—16 12 
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ACCIDENTS. 

Tables  IfTos.  95  and  96  show  the  total  number  of  fatalities  by  causes 
and  calendar  years  since  1885,  and  the  total  production  of  coal.  They 
also  show  the  percentage  of  accidents,  by  principal  causes,  and  fatal- 
ity rate  per  1,000  employed  over  a  period  of  29  years,  for  which  con- 
tinuous records  are  available.    During  this  period  there  were  3,409 


FATALITIES  IN  ILLINOIS  COAL  MINES,  BY  PRINCIPAL  CAUSES,  DURING  THE  YEARS 

1885  TO  i913«  INCLUSIVE. 

Number  kOIed. 

Oauaeofaoddent. 

Total. 

Per  cent. 

Per  1,000 

em- 
ployed. 

Undereroand: 

Fall  of  roof  and  pillar  (coal.  rock,  etc.) 

1,616 
414 
170 
4W 
•     350 
266 
134 

47.40 

12.14 

4.99 

13.47 

10.27 

7.80 

3.93 

• 

1.19 

Mine  cam  and  lo'^ornotivfl? , , 

.30 

Gas  and  dast  explosions 

.13 

Explosives 

.34 

Mifice11an4M>iifl -                                                  

.26 

Shaft 

.20 

SurfEun 

.10 

Total.  29  years 

3,409 

100.00 

2.  £2 

COAL-MINE  ACCIDENTS  IN  ILLINOIS  IN  WHICH  5  OR  MORE  MEN  WERE  KILLED. 


Date. 

Name  of  mine. 

Location  of  mine. 

Nature  of  accident. 

Nnmber 
killed. 

1883  ^on.  9 

Coulterville 

CooIteryfUe 

Mine  explosion 

Inrush  of  surface  wsm 
ter  into  working. 

Mine  explosion 

Windy  shot 

10 

1883    Feb.  16 

THimoPd  r . . . 

Braid  wood 

09 

1903    Mar.  15 

Cardiff 

Cardiff 

5 

1903    Mar.  23 

Athens  No.  2 

AUiens 

6 

1903    Mar.  31 

Bnndoviil , 

flaiidoval . . 

Blown-out  shot 

Powder  explosion 

Mine  fire 

8 

1904    May  11 

Big  Muddy 

Decatur 

Leiter 

Breese-Trenton 

Herrin 

10 

1905    Jan.  16 

Decatur 

6 

1905    Apr.  3 

Zeigler 

Mine  explosion 

Cage  with  men  fell 
down  shaft. 

Powder  explosion 

Mine  fire  and  explosion 
Mine  fire 

49 

1906    Dec.  22 

Breese 

•       6 

1907    Jan.  29 

Johnston  City 

JohHAton  Citv 

7 

1909   Jan.  10 

Zeigler '  Z«irf««p '. 

26 

1909    Nov.  13 

St.  Paul  No.  2 

MineA 

Cherry 

260 

1909    Dec.  23 

Herrin 

Mine  explosion 

do 

8 

1910    Nov.  11 

Shoal  Creek  No.  1 

O'OaraNo.9 

Seagraves 

Pani^ma 

6 

1911    Oct.  23 

Harrlsburg 

do...'. 

8 

1913    Feb.  19 

Eldorado 

do 

6 

1914    Oct.  27 

North  or  No.  1 

Shoal  Creek 

Royal  ton 

do 

62 

1915    Apr.  6 

Panama 

do 

11 

1915   July27 

United  Coal  No.  1 

Christopher 

do 

9 

fatalities  or  2.52  per  1,000  men  employed.  There  were  14  accidents 
in  which  5  or  more  men  were  killed  at  one  time,  representing  about 
12  per  cent  of  the  total  fatalities.  These  lai^e  accidents  include  the 
mine  fire  at  Cherry  in  which  259  men  were  killed  at  one  time.  The 
average  production  of  coal  per  fatality  during  this  period  was  251,900 
tons  or  3.97  fataUties  per  nlillion  tons  mined. 

Practically  all  of  the  mines  in  Illinois  are  operated  on  an  8-hour 
basis  so  that  a  comparison  with  10-hour  States  on  the  basis  of  days 
worked  is  not  a  proper  method.  The  time  element  has  therefore  been 
taken  into  consideration  and  a  table  compiled  on  the  basis  of  the 
actual  number  of  hours  worked  so  that  a  true  comparison  with  other 
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NX7XBEB  OP  HOURS  TO  THE  WORKING  DAY,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  ILLDfOIS.a 


1903.. 
1904.. 
1905.. 
1906.. 
1907.. 
1906.. 
19Q9». 
1910.. 
1911.. 
1912.. 
1913.. 


fr-hoorday. 


Number 
of  mines. 


642 
647 
683 
4S2 
457 
491 


631 
613 
480 
482 


Monenip 
ployed. 


47,773 
63,600 
66,390 
00,061 
60,268 
66,289 


60,675 
75,088 
75,411 
78,137 


9-lioiirday. 


Number 
of  mines. 


11 
17 
8 
9 
8 
6 


7 

0 

10 

7 


Men  em- 
ployed. 


67 
121 

64 
610 
675 
610 


137 
68 
67 
41 


lO-honr  day. 


Number 
of  mines. 


0 
10 
6 
1 
1 


2 


Men  em- 
ployed. 


46 

62 

405 

30 

4 


4 

10 


Men  em- 
ployed 
other 

than  8, 9, 
or  10 
hours 

per  day. 


2,721 
1,012 
1,288 
1,267 
4,634 
2.236 


2,929 

490 

2,620 

1,346 


Total 
number 

of  men 

em- 
ployed. 


M,8N 
64,685 
68,063 
61,988 
66,661 
66,0S6 


7S,6tt 
78,656 
78,068 
79, 686 


a  Compfled  ftrom  annual  volumes  of  Mineral  Resources,  U.  S.  Oeol.  Survey.         b  Census  year. 

NUMBEH  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  ILLINOIS  AND 
THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2,000.HOUR  WORKERS. 


1903.. 
1904.. 
1906.. 
1906.. 
1907.. 
1908.. 
1909.. 
1910.. 
1911.. 
1912.. 
1913.. 


Days 
worked. 


228 
213 
201 
102 
218 
185 


Total  hours 
per  day. 
(all  em- 
ployees.) 


407,636 
438,717 
466,586 
497,841 
520,965 
547,036 


Total  houra 
perjrear. 


02,041,008 
03,446,721 
93,783,786 
95,585,472 
115,532,370 
101,199,810 


Number 
of  2,000 

hour 
workers. 


46, 4n 
46,723 
46,892 
47,793 
57,766 
50,600 


Fatalities. 


Total. 


158 
173 
203 
161 
192 
172 


1,600 
6,000- 

hour 
worken. 


3.40 
S.70 
4. 36 

6.67 
6.68 
6.40 


160 
188 
104 
189 


584,234 
605,826 
627,471 
637,629 


93,477,440 
113,895,288 
121,729,374 
120,511,881 


45,739 
56,948 
60,865 
60,256 


143 
172 
163 
164 


6.06 
6.08 
6.66 
6.76 


States  may  be  made.  The  fatality  rate  for  the  10-year  period,  1903- 
1913  (Table  40),  for  lUmois  on  the  2,000-hour  basis  is  3.26  as  com- 
paced  with  2.55  based  on  the  actual  number  of  men  employed.  Dur- 
ing the  10-year  period,  the  men  averaged  1,567  hours  per  year  as 
compared  with  2,132  hours  in  West  Virginia. 
The  tables  of  statistics  for  the  State  of  Illinois  follow: 

STATISTICS  OF  STRIKES  AND  LOCKOUTS  IN  AND  ABOUT  THE  COAL  MINES  IN 

ILLINOIS,  o 


1880 
190O 
1901 
1902 
1903 
1904 
1905 
1906 


Noxniber 

of  men 

affected. 


7,133 

3,909 

3,740 

3,916 

3,772 

16,963 

15,289 

49,793 


Total 
number 
of  days 

lost. 


267,171 

134,433 

79.245 

65,231 

70,731 

156,528 

321,967 

2,900,525 


Average 
number 
of  days 
lost  per 
man. 


•37 
34 
21 
17 
19 
9 
21 
58 


Year. 


1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 


Number 

of  men 

affected. 


5,255 
47,456 

2,335 
67,218 

5,543 
60,505 
11,861 
23,506 


Total 
number 
of  days 

lost. 


35,191 
1,737,611 

90,720 
9,133,953 

100,588 
2,026,526 

655,622 

970,466 


Average 
number 
of  days 
lost  per 
man. 


7 

37 
38 
136 
18 
33 
55 
41 


•  Compfled  from  annual  volumes  of  Mineral  Resources,  U.  8.  Oeol.  Survey. 
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INDIANA. 

ABBA  AND  DI8TBIBT7TION  OF  COAL  FIELDS. 

The  coal-bearing  area  of  Indiana  amounts  to  about  6,500  square 
miles  and  includes  26  counties  in  the  southwestern  portion  of  the 
State.  Nineteen  of  these  counties  are  producing  coal  on  a  commercial 
scale.  The  coal  measures  contain  over  20  horizons,  in  which  coal 
beds  of  varying  thickness  have  been  found.  Of  these  eight  are  of 
workable  thickness  over  much  or  all  of  the  field  and  several  others 
are  locally  of  workable  thickness.  In  the  center  of  the  field  as  many 
as  seven  or  eight  beds  are  workable  in  a  single  area.  Ordinanly  over 
most  of  the  field  not  more  than  three  workable  beds  will  be  found. 

The  coal  measures  in  Indiana  have  a  total  thickness  of  approxi- 
mately 1,300  feet.  Of  these  1,300  feet  there  are  600  feet  of  barren 
beds  at  the  top,  a  500-foot  interval  which  contains  most  of  the  work- 
able coals,  followed  in  descending  order  by  200  feet  or  more' of  rocks 
consisting  mainly  of  sandstone. 

CHABACTEB  OF  COAL  BEDS. 

The  eight  different  coal  beds  miAed  vary  from  3  to  9  feet  in  thick- 
ness. The  coal  in  the  eastern  part  of  the  field  is  called  block  coal 
or  semiblock  because  of  its  breaking  into  rectangular  blocks.  It  is 
very  pure,  noncoking  coal.  The  strictly  "block  coal"  is  found  in 
Fontaine,  Parke,  Clay,  and  Owen  Counties.  South  of  that  the  coals 
in  the  easternmost  counties  are  semiblock.  The  block  coal  occurs 
in  small  basins  which  vary  in  extent  from  a  few  acres  to  several 
square  miles,  owing  to  the  irregular  surface  of  the  rocks  upon  which 
they  were  laid  down.  The  coal  may  be  3  to  5  feet  thick  in  the  center 
of  a  basin  but  thins  out  gradually  toward  the  edges.  The  western 
counties  of  the  Indiana  field  contain  bituminous  coal.  The  bitu- 
minous beds  vary  from  3  to  10  feet  in  thickness,  most  of  the  work- 
ings being  in  beds  over  5  feet  thick.  In  1910,  26  mines  were  mining 
coal  from  beds  over  7  feet  thick.  These  coals  lie  regularly  with  a 
slight  pitch  to  the  west  and  southwest,  and  in  many  parts  of  the 
field  are  regular  in  thickness.  Practically  aU  of  the  mines  have  a 
clay  floor  and  shale  roof.  The  No.  5  coal  is  overlain  with  black  shale, 
commonly  broken  with  pyrite  concretions,  that  locally  will  hold  up 
indefinitely  over  a  40-foot  room  without  any  posts.  Most  of  the 
beds,  however,  have  roofs  of  shale  that  tends  to  disintegrate 
rapidly  in  the  summertime,  especially  in  the  air  passages,  and  requires 
close  posting. 
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MININO  METHODS. 

The  earliest  records  of  coal  production  in  Indiana  are  for  1840, 
when  9,682  tons  were  mined.  The  production  increased  gradually 
until  in  1913  it  was  17,165,671  tons. 

Most  of  the  commercial  mines  are  opened  by  shafts  varying  from 
50  to  450  feet  deep,  only  a  few  being  opened  by  slopes  and  drifts. 
From  the  shafts  the  mines  are  opened  by  main  entry  and  air  course, 
each  8  feet  wide,  separated  by  a  12-foot  pillar.  The  coal  is  mined 
almost  exclusively  by  the  room-and-piUar  method,  which  varies  in 
detail  in  different  districts  and  even  in  different  coal  beds  of  the 
same  district.  The  mines  are  usually  well  equipped  with  the  latest 
appliances,  including  electric  machines  and  self-dumping  cages. 

Mining  machines  were  first  used  in  1884.-^  The  "block  coal'''  was 
first  successfully  mined  by  machines  in  1894.  In  1891  there  were 
47  mining  machines  in  operation  and  in  1913  there  were  732  which 
produced  56.7  per  cent  of  the  coal  mined  during  the  year.  Of  the 
total  number  of  machines  used  365  were  of  the  chain-breast  type. 
The  average  production  per  machine  in  1913  was  13,302  tons. 

About  30  per  cent  of  the  coal  mined  is  shot  off  the  solid;  hand 
mining  produced  only  about  11  per  cent  of  the  total  output  in  1913. 

BEPOBTABLE   ACCtDENTS   AND   ORGANIZATION   OF   INGWEOTION 

SEE  VICE. 

An  act  approved  March  8,  1879,  which  became  effective  May  1, 
1879,  authorized  the  governor  to  appoint  a  mine  inspector,  whose 
duty  was  to  inspect  each  coal  mine  in  the  State  at  least  twice  a  year. 
The  inspector  was  required  to  render  annual  reports  to  the  governor 
and  to  state  therein  the  number  of  mines  operating,  the  production 
of  each  mine,  and  such  other  information  as  the  inspector  deemed  nec- 
essary. On  February  26, 1889,  the  department  of  geology  and  natural 
science  was  created  and  placed  under  the  supervision  of  a  director,  who 
was  also  the  State  geologist.  The  department  consisted  of  four  divi- 
sions: Geology  and  natural  science,  mines  and  mining,  mineral  oils, 
and  natural  gas.  The  chief  of  each  division  was  appointed  by  the 
geologist.  The  office  of  mine  inspector  was  abolished,  and  the  cUef  of 
the  division  of  mines  and  mining,  to  be  known  as  the  inspector  of  mines, 
was  directed  to  perform  all  duties  previously  performed  by  the  mine 
inspector.  Annual  reports  of  the  inspector  were  included  in  the  annual 
reports  of  the  department.  The  inspector  was  authorized  to  employ 
one  assistant. 

An  act  approved  March  2,  1891,  covering  coal  mines  employing  10 
or  more  men,  made  it  the  duty  of  mine  operators  to  report,  under 
penalty,  all  mine  accidents  causing  death,  and  upon  receipt  of  such  a 
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notice  the  inspector  and  coroner  were  required  to  investigate  the  cause 
of  the  accident.  The  act  of  March  4, 1891,  restricted  the  appointment 
of  inspector  of  mines  to  persons  who  had  passed  an  examination  satis- 
factory to  the  State  geologist.  On  March  6, 1897,  an  act  was  approved 
directing  mine  operators  to  report  to  the  inspector  all  accidents 
which  prevented  the  usual  working  of  a  mine  for  24  consecutive  hours, 
or  resulted  in  injuries  causing  death  or  requiring  the  attendance  of  « 
physician  or  surgeon.  On  March  11,  1901,  the  number  of  assistants 
to  the  inspector  was  increased  to  two,  and  on  March  9, 1907,  the  num- 
ber was  further  increased  to  four.  The  latter  act  also  required  that 
each  mine  should  be  inspected  at  least  three  times  each  year. 

An  act  approved  March  6,  1911,  created  a  bureau  of  inspection,  to 
consist  of  three  departments:  Inspection  of  mines,  inspection  of 
boilers,  and  inspection  of  factories.  The  new  bureau  was  placed 
under  the  supervision  of  a  chief  inspector  appointed  by  the  governor. 
The  governor  also  appointed  three  deputies,  one  for  each  of  the  depart- 
ments comprising  the  bureau.  Each  deputy  inspector  was  authorized 
to  appoint  five  assistants,  with  the  approval  of  the  chief  inspector. 

Up  to  1915  it  was  the  practice  of  operators  of  mines  employing  10 
or  more  men  to  report  to  the  inspector  all  accidents  causing  death  or 
requiring  the  attendance  of  a  physician  or  surgeon,  and  all  such 
accidents  were  pubUshed  in  the  inspector's  annual  reports.  Injuries 
causing  (fisabiUty  for  two  weeks  were  classified  as  serious,  all  others 
being  considered  sUght. 

The  legislature  of  1915  passed  a  workmen's  compensation  act, 
effective  September  1,  1915,  to  be  administered  by  the  Industrial 
Board  of  Indiana,  which  was  also  provided  for  by  the  act.  The 
department  of  inspection  of  mines  and  mining  was  transferred  to  the 
industrial  board.  Under  the  compensation  law  all  employers  of  labor 
are  required  under  penalty  to  report  to  the  board  all  accidents  causing 
injury  to  an  employee  whereby  the  employee  is  incapacitated  for 
work  more  than  one  day.  The  department  of  mines,  imder  the  juris- 
diction of  the  industrial  board,  consists  of  one  chief  inspector  and  five 
assistants,  who  are  appointed  by  the  board  with  the  concurrence  of 
the  governor. 
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ACCIDENTS. 

The  accompanying  tables  show  the  total  number  of  fatalities  by 
causes  and  calendar  years  since  1881  as  compiled  from  State  mine 
inspectors'  reports.  They  also  show  the  percentage  of  accidents,  by 
principal  causes,  and  the  fatality  rate  per  1,000  men  employed  for  a 
period  of  19  years  for  which  continuous  records  are  i^vailable.  The 
fatality  rate  during  this  period  is  2.16  per  1,000  men  employed. 

FATAUTIES  IN  INDIANA  COAL  MINES,  BY  PRINaPAL  CAUSES,  DURING  THE  YEARS 

1896  TO  1913,  INCLUSIVE. 


Cause  of  accident. 


UndenroDiid: 

Fall  of  loof  and  pillar  (coal,  rock,  etc.). 

Mine  cars  and  locomotives 

Gas  and  dust  explosions 

ExplosfTes. 


Number  killed. 


Total. 


Percent. 


Shaft. 


306 
76 
67 

132 
22 
71 
16 


Total,  19  years. 


679 


45.07 
11.04 

8.39 
19.44 

8.24 
10.46 

2.36 


100.00 


Perl/nO 

em- 
ployed. 


0.97 
.24 
.18 
.42 
.07 
.23 
.06 


2.16 


COAL-MINE  ACCIDENTS  IN  INDIANA  IN  WHICH  5  OR  MORE  MEN  WERE  KILLED. 


Data. 

Name  of  mine. 

Location  of  mine. 

Nature  of  accident. 

KiUed. 

# 
1878    Nov.21 

Sullivan 

Sullivan 

Mine  explosion 

do.:. 

8 

M90    Dec.26 

1906  Mar.22 

1907  Jan.  14 

Oswald 

Princeton ............. 

7 

do : 

do 

Powder  and  mine  ex- 
plosion. 

Powder  explosion 

Mine  explosion 

9 

Deerlns  No.  7 

Clinton 

7 

1909   Mar.30 

Sunnvsidfl ......  .  .  . 

KTrRi^^yfl]^. .    . 

6 

Indiana  has  been  fortxmate  in  that  it  has  had  but  few  disasters  (only 
four)  during  this  period  in  which  6  or  more  men  were  killed  at  one 
time,  the  total  number  being  29  fatalities,  or  slightly  over  4  per  cent 
of  the  entire  number.  To  offset  this,  however,  there  were  132  fataU- 
ties  due  to  explosives,  representing  19.44  per  cent  of  the  total.  The 
average  production  of  coal  per  fataUty  during  this  period  was  291,062 
tons,  or  3.44  fatalities  per  million  tons  mined. 

Indiana,  like  Illinois,  is  an  8-hour  State,  and  in  order  to  make  it 
comparable  with  other  States,  where  9  or  10  hours  are  considered  a 
working  day,  a  table  has  been  compiled  whereby  the  time  element  has 
been  taken  into  consideration.  The  fatality  rate  for  the  10-year 
period  1903-1913  (Table  40)  based  on  the  actual  number  of  employees 
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NUMBER  OF  HOURS  TO  THE  WORKING  DAY,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  INDlANA«a 


Y«ar. 


1903.. 
1904.. 
1906.. 
1906.. 
1907.. 
1906.. 
1909  <» 
1910. . 
1911.. 
1912.. 
1913. . 


8-hoiir  day. 


9-faoiir  day. 


Number 
of  mines. 


236 
244 
271 
230 
208 
207 


216 
213 
211 
199 


Men  em- 
ployed. 


16,291 
18,727 
24,484 
19,842 
18,323 
18,040 


20,783 
20,946 
21,220 
21,637 


Namber 
of  mines. 


5 
7 
2 
2 


4 
2 
1 
3 


Men  em- 
ployed. 


24 
44 

24 
100 


16 
7 
6 

42 


lO^worday. 


Namber 
of  mines. 


6 

4 
8 


3 
3 
6 
6 


Men  em- 
ployed. 


39 
16 
16 


14 

16 
109 
121 


Menem- 

titans, 

9.  or  10 

boors 

per  day. 


663 
800 
800 
1,028 
2,699 
335 


1,065 

22 

316 

435 


Total 
im 
of 
« 
ployed. 


17,017 
19,  U7 


SO,  970 

Si,  on 

18,880 
80,937 
81,878 
80,881 
81,881 


a  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  S.  Geol.  Survey.        ^  Census  year. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  INDIANA,  AND 
THE  FATALITY  RATE,  BASED  ON  THE  NUMBER  OF  2,000-HOUR  WORKERS. 


Year. 


1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 


Days 
worked. 


197 
177 
151 
176 
197 
174 


229 
182 
182 
190 


Total  hours 
per  day 
(all  em- 
ployees). 


136,901 
157,572 
203,438 
168,888 
170,875 
147,385 


176,133 
167,989 
173,748 
178,599 


Total  hours 
per  year. 


26,969,497 
27,800,244 
30,719,138 
29,555,400 
33,662,375 
26,644,990 


40,334,457 
30,573,998 
31,622,136 
33,933,810 


Number 
of2,000- 

hour 
workers. 


13,485 
13,945 
15,360 
14,778 
16,831 
12,822 


20,167 
15,287 
15,811 
16,967 


FataUties. 


Total. 


52 
34 
46 
31 
53 
45 
49 
51 
46 
85 
66 


Per  1,000 
8,000-hoiu: 
workers. 


3.88 
8.44 
8.88 

8.10 

3.16 

#51 


8.53 
3.01 
8.81 
8.88 


is  2.20  as  compared  with  2.95  on  the  2,000-hour  basis.  Table  40 
gives  all  of  the  States  on  this  basis  for  the  10-year  period,  so  that  a 
comparison  with  other  States  may  be  made.  During  this  period 
the  men  worked  1 ,487  hours  per  year  as  compared  with  2,034  hours 
for  the  bituminous  fields  of  Pennsylvania. 

The  tables  ^f  statistics  for  the  State  of  Indiana  follow. 
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STATISTICS  OF  STRIKES  AND   LOCKOUTS  IN  AND  ABOUT    THE  COAL   MINES    IN 

INI>IANA.a 


Y«ar. 


18» 
1900 
1901 
1902 
1901 
»M 
1905. 
1906. 


Number 

Total 

of  men 

days 

affected. 

lost. 

3,273 

132,825 

3,58S 

71,283 

1,027 

40,813 

1,834 

23,693 

3,680 

46,560 

1,061 

22,063 

.     981 

12,528 

15,875 

005,217 

Avenge 
number 
of  days 
lost  per 


40 
30 
30 
13 
17 
18 
13 
63 


Year. 


1007 
1008 
1900 
1910 
1911 
1012 
1913 
1914 


Number 

of  men 

affected. 


3,176 

7,076 

36 

12,638 
4,577 

15,400 
2,657 
8,062 


Average 

Total 

number 

days 

of  days 

lost. 

lost  per 

man. 

42,842 

13 

157,800 

23 

720 

30 

423,804 

84 

146,636 

33 

795,887 

53 

44,143 

17 

302,856 

38 

«  Compiled  from  annual  volumes  of  Minsral  Resouross,  U.  S.  Geol.  Surv^. 


^* 
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IOWA. 

ABEA  AND  DISTBIBtmON  OF  COAL  FIELDS. 

The. coal  fields  of  Iowa  are  in  the  Pennsylvanian  series  of  the  Car- 
boniferous system  and  occupy  the  central  and  southern  part  of  the 
State.  The  total  coal-bearing  area  is  about  20,000  square  miles,  of 
which  13,000  square  miles  include  outcropping  coal  beds  that  are 
considered  workable  tmder  the  present  economic  conditions.  In 
1913,  21  counties  were  reported  as  coal  producers. 

The  principal  producing  areas  are  in  Marion,  Mahaska,  Monroe, 
and  adjacent  counties,  which  produced  43  per  cent  of  the  coal  in  1913 ; 
Polk,  Jasper,  and  Dallas  coimties  of  the  same  group  produced  32 
per  cent;  and  Appanoose  and  Wayne  coxmties,  containing  the  Mystic 
or  Centerville  bed,  produced  17  per  cent.  This  bed  is  very  persistent 
over  a  considerable  area. 

OHABACTEB  OF  COAL  BEDS. 

The  Iowa  coal  is  bituminous,  non-coking,  and  contains  a  high  per- 
centage of  sulphur  in  the  form  of  pyrite.  The  coal  is  used  largely  for 
steaming  purposes.  Practically  all  of  the  beds  are  horizontal  or  dip 
about  10  feet  per  mile.  Most  of  the  coal  beds  are  opened  by  shafts 
of  different  depths,  as  follows:  Lucas  County,  321  feet;  Appanoose 
and  Wayne  coimties,  200  feet;  Adams  Coxmty,  400  feet;  Polk  Coimty, 
156  feet;  Webster  Cotmty,  16  to  100  feet;  and  Marion  County,  150 
feet.    There  are  a  few  slope  and  drift  mines. 

The  coal  beds  of  the  Des  Moines  group  (the  lower  part  of  the  Penn- 
sylvanian series)  vary  from  3)  to  5  feet  or  more  in  thickness  and, 
with  the  exception  of  the  Mystic  bed,  are  somewhat  faulted  and 
irregular.  The  thickest  coal  in  the  State  occurs  in  Marion  County, 
where  beds  4  to  12  feet  thick  have  been  opened.  The  Mystic  or 
Centerville  bed  is  about  2i  feet  thick,  has  a  strong  roof,  and  is  adapted 
to  longwaU  mining  methods. 

MININa  METHODS. 

Coal  mining  in  Iowa  began  about  1840,  for  which  year  the  records 
show  a  production  of  400  tons.  The  production  has  gradually 
increased  until  in  1913  it  was  7,525,936  tons. 

Nearly  all  of  the  mines  are  operated  through  shafts  and  the  coal  is 
mined  by  the  longwall  and  room-and-piUar  methods.  In  1891,  9 
machines  were  introduced  into  the  mines  and  the  number  gradually 
increased  to  56  in  1898.  Since  that  date  the  number  of  machines  has 
been  gradually  reduced.  Of  62  mines  in  Appanoose  County  in  1904, 
16  used  the  room-and-pillar  method  and  46  the  longwall  method. 
Longwall  mining  machines  are  used  rather  extensively.  A  large 
amotmt  of  coal  is  shot  off  the  solid,but  records  showing  the  extent  to 
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which  this  is  practiced  are  not  available  prior  to  1911.  In  1912,  69 
per  cent,  and  in  1913,  72.3  per  cent  of  the  total  production  was  shot 
off  the  sohd.  The  hand-mined  coal  amounts  to  about  20  per  cent  of 
the  total,  while  that  produced  by  machines  is  less  than  2  per  cent. 

BBPOBTABIiB   AOOIBBNTS   AND   OBOANZZATION  OF  ZN8PSCTXON 

SBBVICB. 

Section  1567  of  the  Iowa  Code  of  1873  directed  that  the  board  of 
supervisors  of  each  county  in  which  coal  or  other  minerals  were  found 
should  appoint  an  inspector  of  mines,  who,  upon  application  of  mine 
owners,  operators,  or  employees,  examined  the  atmosphere  of  such 
mines  as  affecting  life  or  health.  If  gas  was  found  in  sufficient  quan- 
tities to  jeopardize  life  or  health,  the  inspector  was  authorized  to 
require  the  operator  to  provide  additional  shafts  or  entrances  for 
proper  ventilation,  and  a  penalty  was  provided  for  failure  to  carry 
out  such  demands  of  the  iospector. 

On  March  18,  1874,  the  foregoing  provisions  were  superseded  by  a 
law  requiring  the  county  inspectors,  who  were  appointed  as  under  the 
previous  law,  to  examine  each  mine  twice  a  year,  protided  more  than 
10  miners  were  employed  therein.  Operators  were  required,  under 
penalty,  to  notify  the  inspector  of  all  fatal  and  serious  accidents, 
and,  if  fatal,  to  notify  the  county  coroner  also.  The  inspector  was 
required  to  examine  into  the  causes  of  accidents  and  to  preserve  a 
record  of  his  inspections.  The  law  of  March  30,  1880,  consolidated 
the  inspection  service  under  the  jurisdiction  of  one  State  mine 
inspector  appointed  by  the  governor.  The  act  applied  only  to  mines 
employing  more  than  15  men,  and  the  inspector  was  required  to  make 
an  annual  report  to  the  governor,  enumerating  therein  all  accidents 
in  and  about  the  mines.  An  act  approved  March  18,  1884,  extended 
the  inspection  law  to  cover  all  mines  employing  more  than  five  men, 
and  required  the  inspector  to  render  biennial  reports  to  the  governor 
on  August  15  preceding  the  regular  session  of  the  State  legislature. 

On  April  10,  1886,  the  governor  was  authorized  to  divide  the  State 
into  three  districts  and  appoint  a  mine  inspector  for  each  district,  the 
inspectors  to  report  to  the  governor  as  before.  A  law  of  April  12, 
1888,  provided  for  a  board  of  examiners  to  examine  candidates  for 
the  office  of  mine  inspector.  By  an  act  approved  May  6,  1911,  mine 
operators  were  required  to  report  on  August  1  of  each  year  to  the 
district  inspector,  for  the  year  ending  July  1,  the  number  of  employees 
in  and  around  the  mines,  in  addition  to  sending  to  the  inspector  an 
immediate  notice  of  fatal  and  nonfatal  accidents. 

An  injuries,  whether  serious  or  slight,  are  reported  to  the  district 
mine  inspectors,  but  only  those  causing  disability  for  at  least  10  days 
are  considered  serious  injuries  and  published  in  the  inspectors'  annual 
reports. 
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Hie  aocomjMnjing  taUes,  Nos.  99  and  100,  show  the  total  nmnbcr 
'  fatalities  bj  causes  and  calendsr  yesn  since  18S0,  aseom^iedfeoin 
\e  State  mine  iospectarff  lepcMts.  These  tables  ako  show  the 
steaita^B  of  aecideata,  ciawnfiwi  by  principal  caoses,  and  fatafitj 
\ie  per  1,000  men  CTiployed^  over  a  period  of  26  yesrs  for  which 
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continuous  records  are  available.  The  fatality  rate  during  this 
period  is  2.22  per  1,000  men  employed.  Iowa  has  been  fortunate  in 
that  there  have  been  but  two  disasters,  in  which  five  or  more  men  were 
killed  at  one  time.  The  fatalities  represented  by  these  two  disasters 
are  only  4  per  cent  of  the  total  number  killed  during  the  above  period. 
Of  the  total  number  of  fatalities,  59  per  cent  were  due  to  falls  of  roof 
and  pillar  coal,  10.53  per  cent  to  mine  cars  and  locomotives,  and  10.25 
per  cent  to  explosives.  The  average  production  of  coal  per  f atahty 
during  this  period  was  204,390  tons,  or  4.89  fatalities  for  each  million 
tons  mined. 

Since  Iowa  is  an  eight-hour  State,  the  time  element  has  been  taken 
into  consideration,  and  tables  have  been  compiled  on  this  basis  for 
comparison  with  other  States.  The  fatality  rate  for  the  10-year 
period,  1903-1913  (Table  40),  based  upon  the  actual  number  of 
employees,  b  1 .94,  whereas  based  on  the  number  of  2,000-hour  workers 
it  is  2.27.  During  the  10-year  period  the  men  averaged  1,704  hours 
per  year,  as  compared  with  2,447  hours  for  Virginia.    Table  41  shows 
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NUMBER  OF  HOUB8  TO  THE  WORKINO  DAT,  BT  YEARS,  IN  AND  ABOUT  THE  COAL 

MIMES  IN  lOWA^ 


19I>1. 


1907. 


19Q0». 
1910.. 
1911.. 
1913.. 
19U.. 


S-boorday. 


Mombcr 
of  inlDflB. 


337 
361 
186 
195 
175 
218 


196 
194 
185 


ployed. 


13,689 
15,221 
13,569 
14,869 
15,171 
14,773 


16,338 
16,095 
15,806 
15,248 


O-boarday. 


Number 
o( 


8 
1 
6 
2 
1 
3 


3 
3 
1 
3 


Men  em- 
ployed. 


37 
10 
66 

30 
10 
38 


10 

16 

9 

16 


lOJioorday. 


Number 

of  mJlMB. 


1 
3 
1 


1 
1 


Men  em- 
ployed. 


10 
33 

8 


34 


11 


4 

13 


Menem- 

than  8, 9, 
or  10 
hours 

per  day. 


1,446 
388 

1,466 
363 
404 

1,197 


407 
741 
551 
481 


Total 
Bomber 
of 


14,111 

u,us 

U,190 
U,HI 

16,  r- 

U.I 
16.858 

16,170 
15,717 


a  Compiled  from  annual  yolumes  of  Mineral  Resooroes,  U.  8.  Oeol .  Survey.         »  Censua  year. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  IOWA  AND  THE 
FATALITY  RATE  BASED  ON  THE  NUMBER  OF  3^000-HOUR  WORKERS. 


1903.. 
1904.. 
1905.. 
1906.. 
1907.. 
1908.. 
I909«. 
1910.. 
1911.. 
1913.. 
1013.. 


Days 
wornd. 


313 
209 

334 
330 
314 


Total  bonrs 
per  day. 
(All  em- 
ployees.) 


114,760 
135,450 
132,470 
122,470 
125,094 
129,441 


Total  bottis 
per  year. 


25,987,894 
26,720,850 
25,506,230 
27,435,296 
28,771,620 
27,700,374 


Number 
of  2,000- 
hour 
workers. 


12,969 
13,360 
12,798 
13,718 
14,386 
13,860 


FataUties. 


Total. 


27 
25 
37 
20 
40 
31 


1,000 

s,ooo- 

hour 
worken. 


806 
1.87 
8.19 
8.11 
8.78 
8.81 


218 
203 
188 
195 


133,767 
135,573 
131,528 
126,577 


29,161,206 
27,521,319 
24,727,264 
24,683  515 


14,581 
13,761 
12,364 
12,341 


33 
38 
19 
26 


8.86 
8. 76 

1.64 
8.U 


a  Census  year. 


the  fatality  rate  for  each  year  on  the  2>000-hour  basis  (1903-1913)  for 
each  State,  so  that  a  true  comparison  of  Iowa  with  other  States  may 
be  readily  made.    The  tables  of  statistics  for  the  State  of  Iowa  follow: 


STATISTICS  OF  STRIKES  AND  LOCKOUTS  IN   AND  ABOUT  THE  COAL  MINES   INI 

IOWA.a 


Year. 


1809 
1900 
1901 
1902 
1903 
1904 
1905 
1906 


NnmbA 

of  men 

affected. 


2,623 
1,322 
401 
863 
1,143 
8,303 
1,774 
7, 


Total 
days 
loet. 


72,710 
02,333 
16,171 
6,480 
11,365 

173,781 
10,353 

204,860 


Average 
number 
otdKys 
lost  per 
man. 


28 
47 
40 
18 
99 
31 
6 
28 


Year. 


1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 


Number 

of  men 

affected. 


1,621 
6,248 
2,036 
9,200 
1,622 
8,455 
721 
2^642 


Total 
days 
lost. 


8,265 
121,087 

12,504 
406,563 

81,870 
370,449 

13,538 

76,791 


Ayerage 
number 
of  days 
lost  per 
man. 


5 
23 

6 
44 
20 
44 
19 
29 


a  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  S.  Oeol.  Survey. 
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KANSAS. 

ABEA  AND  DISTBIBXJTION  OF  COAX  FIELDS. 

The  coal-bearing  measures  of  Kansas  comprise  about  18,600  square 
miles,  of  which  3,100  square  miles  are  known  to  contain  workable 
coal  beds.  The  coal-bearing  area  occupies  a  strip  covering  about  3 
to  4  counties  wide  entirely  across  the  eastern  end  of  the  State,  but 
the  best  beds  are  found  in  Cherokee  and  Crawford  counties  in  the 
southeast  comer. 

The  coal  beds  of  this  State  belong  to  the  Carboniferous  system  and 
occur  in  the  southwest  extension  of  the  coal-bearing  rocks  of  the 
Iowa-Missouri  field.  About  90  per  cent  of  the  coal  mined  in  the 
State  is  from  the  Weir-Pittsburgh  beds  in  Crawford  and  Cherokee 
counties.  About  6  per  cent  of  the  coal  is  produced  in  the  Atchison- 
Leavenworth  district  from  a  depth  of  700  feet  to  1,150  feet. 

CHABACTEB  OF  COAL  BEDS. 

The  coal  beds  of  Crawford  and  Cherokee  counties  are  practically 
horizontal,  and  occur  at  depths  of  30  feet  to  250  feet.  The  coal  is 
bituminous,  and  produces  a  large  amount  of  dust  when  mined.  The 
beds  vary  in  thickness  from  3  to  10  feet,  those  in  the  Cherokee  shale 
being  very  irregular.  The  thicker  parts  of  the  workable  beds  lie  in 
'* swamps''  or  basins  of  very  irregular  outline.  Rolls  in  the  floor 
and  roof  cause  differences  of  level  of  20  to  30  feet  in  many  of  the 
mines  and  a  difference  of  as  much  as  60  feet  has  been  observed  in  a 
single  mine.  It  seems  that  these  irregularities  are  due  to  unevennees 
of  the  original  bottom  upon  which  the  coal  was  formed. 


HININO  METHODS. 


■V 


The  earliest  statistics  of  coal  production  in  Kansas  are  for  1869, 
when  36,891  tons  were  mined.  In  1913,  the  production  was  7,202,- 
210  tons.  Practically  all  of  the  coal  is  mined  by  the  room-and-pillar 
system,  but  some  longwall  mining  is  done  in  Osage  County.  About 
85  per  cent  of  the  mines  are  opened  by  shaft;  11  per  cent  are  strip 
pits,  and  4  per  cent  are  drift  mines.  In  southeastern  Kansas  con- 
siderable coal  is  mined  by  stripping  with  a  steam  shovel.  In  places 
as  much  as  40  feet  of  cover  is  removed  in  stripping. 

Mining  machines  were  introduced  into  Kansas  about  1897  but  their 
use  has  been  confined  to  a  limited  number  of  mines.  In  1908,  there 
were  17  machines  in  use;  in  1913,  only  9  were  used,  producing  0.3 
per  cent  of  the  coal  mined  in  the  State,  14.8  per  cent  was  mined  by 
hand,  and  85.5  per  cent  was  shot  off  the  solid. 

The  State  mine  inspector  in  his  report  for  1913  states  that  in  Craw- 
ford and  Cherokee  counties  982,546  12i-pound  kegs  of  powder  were 
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used,  or  one  keg  for  every  7.22  tons  of  coal  produced.    In  addition, 
he  also  estimates  that  1,029,000  pounds  of  dynamite  and  46,450 
pounds  of  permissible  powder  were  use(^ 
He  also  states  that: 

Tbe  extreme  danger  in  the  increased  and  excessive  amount  of  explosives  used  is 
hereby  made  apparent  and  can  not  be  gainsaid.  Had  these  figures  of  d3mamite  and 
permisBible  powder  been  reversed  the  condition  under  which  the  mines  were  operated, 
in  my  opinion,  would  have  been  vastly  improved  as  far  as  their  safety  is  concerned. 
Tliis  may  also  account  in  a  certain  measure  for  the  grade  of  coal  produced  at  some  of 
the  mines. 

BBPOBTABLE    ACCIDBMTS  AND  OBGANIZATION  OF  INSPBCTION 

SBBVICB. 

The  governor  of  Kansas  was  authorized  by  an  act  approved 
February  27,  1883,  to  appoint  an  inspector  of  coal  mines  for  two 
years  from  June  30,  1883.  Mine  operators  were  required  to  report 
to  the  inspector  all  accidents  causing  serious  or  fatal  injuries, 
and,  if  fatal,  to  the  coroner  of  the  coimty  in  which  the  mine  was 
located.  A  monthly  report  by  the  inspector,  showing  the  number 
of  accidents  and  deaths  from  injuries  and  number  of  men  employed, 
was  required  to  be  filed  with  the  secretary  of  the  State  board  of 
agriculture  on  or  before  the  first  Monday  in  each  month.  The  act 
of  March  13,  1885,  required  the  inspector  to  render  annual  reports 
to  the  governor  on  the  1st  day  of  February  of  each  year.  The  mine 
operators  were  required  by  the  act  of  March  13,  1897,  to  render 
quarterly  reports  of  accidents  to  the  State  mine  inspector.  The 
method  of  selecting  the  mine  inspector  was  changed  by  an  act 
approved  January  6,  1899.  By  this  act  an  association  of  miners 
was  authorized,  consisting  of  a  delegate  from  each  organized  body 
of  five  or  more  miners  in  any  coimty,  city,  or  mining  camp  in  the 
State.  The  State  association  held  annual  meetings  and  elected  a 
president,  vice  president,  and  secretary,  and  the  secretary  so  elected 
succeeded  to  the  duties  of  State  mine  inspector. 

On  February  5,  1913,  an  act  was  approved  creating  a  department 
of  labor  and  industry  under  the  control  of  a  commissioner  of  labor 
and  industry.  The  commissioner  was  made  ex  officio  factory  and 
mine  inspector,  with  authority  to  appoint  an  assistant  of  at  least 
five  years'  experience  in  coal  mining.  In  1914  the  inspection  of 
coal  mines  was  carried  on  by  the  assistant  commissioner  and  five 
deputies. 

All  injuries,  whether  serious  or  slight,  are  reported  to  the  inspector 
and  are  included  in  his  annual  reports,  but  no  definition  is  given  as 
to  what  constitutes  a  serious  or  slight  injury. 
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ACGIDBMTS. 

Tables  101  and  102  show,  by  causes  and  calendar  years,  the  total 
number  of  fatalitfies  since  1884,  excepting  1886,  1888,  and  1892,  for 
which  years  reports  are  not  available.  These  tables  also  show  the 
percentage  of  accidents,  classified  by  principal  causes,  and  fatality 
rate  per  1,000  men  employed  for  a  period  of  21  years  for  which 
continuous  records  are  available.  The  fatality  rate  during  this 
period  is  2.45  per  1,000  men  employed.     Of  the  total  number  killed 

FATALITIBS  IN  KANSAS  COAL  MINES,  BY  PRINCIPAL  CAUSES,  DURINQ  THE  YEARS 

1803  TO  1013,  INCLUSIVE. 


Cause  of  aoddflnt. 


Undflrnoimd: 

Fall  of  roof  and  pillar  (coal,  rook,  etc.) 

Mine  cars  and  loccHnotiTeB 

Oas  and  dust  explosions 

Explosives 

MiaDeUaneous 

Shaft 

Surface 

Total,  21  years ^. 


Number  killed. 


Total. 


350 
13 
S3 

131 
36 
fiO 
17 


638 


Percent 


40.06 
3.27 
6.35 

34.81 
4.03 
0.47 
3.33 


100.00 


Perl/)00 

on- 
ployed. 


1.30 
.06 
.16 
.61 
.12 
.33 
.08 


2.46 


COAL-MINB  ACCIDENTS  IN  KANSAS  IN  WmCH  6  OR  MORE  MEN  WERE  KILLED. 


Date. 

Name  of  mine. 

Location  of  mine. 

Nature  of  accident. 

Number 
kiUed. 

1888   Nov.O 

Shaft  No.  3. 

Frontenac... 

Mine  explosion 

Powder  explosion 

Mine  explosion. 

Cage  with  men  fell 
down  shaft. 

40 

1006    Dec.30 

Fidelity  No.  1 

Stone  City 

7 

1011    Mar.  18. 

No.  16 

Mineral... 

6 

1014   Jan.  14 

Spenov-Newiand 

Mulberry 

6 

(1893-1913),  49.05  per  cent  of  the  fatalities  were  due  to  falls  of  roof 
and  pillar  coal,  and  24.81  per  cent  to  explosives.  The  amount  of 
coal  mined  by  shooting  off  the  solid  is  approximately  80  per  cent  of 
the  total  production.  The  average  production  of  coal  per  fatality 
during  the  21  years  was  203,153  tons,  or  4.92  fataUties  for  each 
miUion  tons  mined.  The  average  production  per  man  a  year  was 
497  tons,  or  2.56  tons  per  day. 

During  the  period  1884  to  1913,  inclusive,  there  were  three  mine 
disasters  in  which  52  men  were  killed,  representing  slightly  less 
than  8^  per  cent  of  the  total  number  killed  in  the  coal  mines  of  Kansas. 

In  Kansas,  more  than  95  per  cent  of  the  men  are  on  an  eight-hour 
basis,  and  for  comparative  purposes  the  time  element  has  been  taken 
into  consideration  and  tables  compiled.  It  will  be  noted  that  the 
fatality  rate  for  the  10-year  period,  1903-1913  (Table  40),  based  on 
actual  number  of  employees,  was  2.70  per  1,000  men  employed,  and 
reduced  to  a  2,000-hour  basis  was  3.45  per  1,000.    Table  41  shows 
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NUMBER  OF  HOims  TO  THE  WORKINO  DAT,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

1IINE6  IN  KANSAS. « 


frhoordAy. 

9-hoarday. 

lOhonrday. 

Menem* 

ployed 
other 

than  8. 9, 
or  10 
hoars 

per  day. 

Total 

Yev. 

Nmnher 

OfmlDflB. 

Men  enir 
ployed. 

Number 
of  mines. 

ft 

Men  em- 
ployed. 

Nomber 
of  mines. 

Men  em- 
ployed. 

Bomber 

of  BOB 

ployed. 

1908 

146 

161 
121 
141 
134 
138 

9,965 
11,599 
11,004 
12,606 
10,980 
12,973 

9 
9 
6 
7 
10 
U 

447 
215 
129 
94 
156 
283 

8 

5 
5 
S 

1 
7 

62 
45 
54 

399 

10 

863 

460 
339 
739 
1,256 
1,293 
297 

10,911 

19M 

18,  IM 

1905 

11,981 

ig06      

16,816 

1007 

18,489 

1908 

U,916 

1900ft 

18,869 

18,870 

1910 

126 
121 
132 
138 

12,255 
10,969 
11,186 
12,240 

9 
7 
7 
1 

115 

177 

380 

6 

1 
.......... 

5 

495 

657 

80 

234 

ton 

11,813 

1912 

11,646 

MIS ,.. 

18,479 

a  Compiled  from  aimaal  volomes  of  Mlnsral  Rewurees,  U.  8.  OeoL  Borvoy.         ^  CeDSus  yeer. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  KANSAS,  AND 
THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2,000'HOUR  WORKERS. 


Year. 


1903. 
1904. 
1905. 
1906. 
1907. 
1908. 


Days 
worlnd* 


215 
213 
212 
166 
225 
181 


Total  hours 
per  day 
(all  em- 
ployees). 


Total  houfs 
per  year. 


88,413 

98,228 

96,384 

116,968 

100,981 

112,634 


19,006,796 
20,922,564 
20,433,406 
19,303,020 
22,720,725 
20,386,754 


Number 
of  2,000- 

hour 
workers. 


9,504 
10,461 
10,217 

9,652 
11,360 
10,193 


FataUties. 


Total. 


33 
81 
41 
89 
87 
88 


hi 
8,009- 

hovr 


8.47 
8.96 

4.01 
4.01 
8.88 
8.78 


1910. 
19U. 
1912. 
1A13. 


148 
190 
202 
197 


103,580 
95,418 
93,628 

100,071 


15,329,840 
18,129,420 
18,912,856 
19,713,987 


7,665 
9,066 
9,456 
9,857 


17 
42 
30 
28 


8.88 

4.68 
8.17 
8.84 


the  fatality  rate  for  each  year  on  the  2,000-h6ur  basis  (1903-1913) 
for  each  State,  so  that  a  true  comparison  of  Kansas  with  other 
States  may  be  readily  made. 
The  tables  of  statistics  for  the  State  follow. 

STATISTICS   OF   STRIKES  AND    LOCKOUTS  IN  AND    ABOUT   THE    COAL   MINES  IN 


1809 
1900 
1901 
1908. 
1903 
1901 
1905 


Average 

Number 

Total 

number 

of  men 

days 

of  days 

affected. 

lost 

lost  per 

1,986 

88,796 

45 

157 

3,590 

23 

60 

300 

6 

384 

17,256 

62 

328 

2,516 

8 

186 

1,214 

7 

1,482 

14,686 

10 

11,827 

709,422 

59 

Year. 


1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 


Number 

of  men 

affected. 


923 

11,156 

4,715 

10,346 

084 

2,068 

3,178 

2,673 


Average 

Total 

number 

days 

of  days 

lost. 

lost  per 

mftfi- 

16,957 

18 

665,224 

60 

71,566 

15 

1,578,027 

153 

8,507 

9 

13,487 

65 

28,936 

9 

45,257 

17 

«  Coo^lled  from  annual  volumes  of  Mineral  Resouroes,  U.  S.  QeoL  Survoy. 
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KENTUCKT. 

ABBA  AND  DISTBIBXJTIOK  OF  COAL  FIELDS. 

The  two  coal  fields  of  Kentucky  are  located  in  the  extreme  eastern 
and  western  parts  of  the  State. 

The  Eastern  coal  field  has  an  area  of  about  10,270  square  miles,  of 
which  about  70  per  cent  may  be  considered  as  productive.  The 
rocks  in  this  field  are  practically  horizontal,  except  those  in  Bell  and 
Harlan  coimties,  which  lie  in  the  great  synclinal  trough  east  of  Pine 
Mountain.  In  the  middle  of  this  trough  the  coal  beds  are  flat-lying, 
but  on  either  rim  they  dip  steeply  toward  the  axis  of  the  trough. 
The  stresses  which  caused  the  great  trough  have  produced  several 
minor  folds  in  its  bottom  and  also  a  few  faults,  which  cause  consider- 
able trouble  and  expense  in  mining.  The  principal  producing  coun- 
ties are  Bell,  Floyd,  Harlan,  Johnson,  Knox,  Laurel,  Lee,  Letcher, 
Perry,  Pike,  and  Whitley.  In  1913,  the  field  produced  11,098,906 
tons,  as  compared  with  8,517,640  for  the  Western  field. 

The  Western  field  is  a  continuation  of  the  Indiana-Illinois  field 
and  has  a  coal-bearing  area  of  about  6,400  square  miles,  of  which  65 
per  cent  may  be  considered  as  productive.  This  field,  which  includes 
Butler,  Daviess,  Hancock,  Henderson,  Hopkins,  McLean,  Muhlen- 
berg, Ohio,  and  Webster  coimties,  is  the  southeastern  part  of  the  big 
flat  basin  that  carries  the  coal  of  Indiana  and  Illinois,  but  the  rocks 
are  much  more  disturbed  in  the  Kentucky  part  than  they  are  in  those 
parts  lying  in  the  other  States.  The  line  of  disturbance,  extending 
in  an  east-west  line  across  southern  Illinois,  continues  across  the 
western  Kentucky  field.  Along  this  line  from  Shawneetown,  Illinois, 
to  Litchfield  in  Grayson  County,  the  rocks  are  tilted  and  broken  by 
faults  to  such  an  extent  that  mining  is  difficult  and  expensive. 

CHABACTEB  OF  COAL  BEDS. 

• 

The  Eastern  field  belongs  to  the  Pottsville  group  of  the  Allegheny 
formation  and  contains  12  or  more  coal  beds  of  workable  •thickness 
and  quality.  The  coal  of  these  beds  is  usually  of  high-grade  gas  or 
coking  quality  and  some  of  it  is  cannel  coal.  The  Blue  Gem  and 
Jellico  beds,  which  extend  into  Tennessee,  average  about  22  inches 
thick.  This  coal  is  extensively  mined  and  finds  a  ready  market  as  a 
domestic  and  steam  fuel.  Other  coal  beds  contain  8  to  9  feet  of 
workable  coal.  In  Breathitt  County  one  of  the  coal  beds  that  is  ex- 
tensively worked  is  30  inches  thick  and  has  a  thin  shale  roof  above 
which  is  a  stratum  of  limestone.  In  Pulaski  County,  one  of  the 
important  beds  is  35  inches  thick  and  has  a  dip  of  about  1  per  cent. 
In  Bell  County,  one  of  the  most  productive  beds  is  36  to  42  inches 
thick  and  is  horizontal. 
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There  are  three  unportant  coal  beds  that  are  worked  in  various 
parts  of  the  western  district.  Coal  A  (No.  12)  is  about  80  inches 
thick  at  the  Pierce  mine  in  Muhlenberg  County,  it  is  of  excellent 
steaming  quality  and  has  been  used  to  a  limited  extent  for  coking, 
but  is  not  of  commercial  importance  for  this  use.  The  thickness  of 
this  bed  varies  and  in  general  the  roof  is  fire  clay  and  shale.  Coal  B 
(No.  11),  known  also  as  the  Danville  bed,  is  one  of  the  principal 
sources  of  commercial  coal.  It  varies  in  thickness  from  12  to  84 
inches  and  is  cut  by  clay  shps  and  disturbed  by  rolls.  It  is  40  to  100 
feet  below  the  surface  and  is  25  feet  below  the  No.  12  coal.  At  the 
Pierce  mine,  Muhlenberg  County,  the  coal  is  78  inches  thick,  and  in 
Hopkins  County,  is  about  84  inches  thick.  At  Madisonville  there  is 
a  thin  stratum  of  shale  between  the  coal  and  a  limestone  capping, 
whereas  at  Nortonville  the  limestone  rests  directly  on  the  coal. 
Bed  D  (No.  9,  equivalent  of  No.  5,  Illinois)  is  more  regular  than  the 
other  coal  beds  and  produces  about  75  per  cent  of  the  coal  of  the 
western  district.  It  is  56  to  60  iaches  thick  and  extends  throughout 
the  larger  part  of  8  counties.  It  is  about  300  feet  below  the  surface 
and  is  opened  by  shafts.  Coal  Fb  (No.  5),  also  known  as  the  "  Four- 
foot''  coal,  is  extensively  mined  at  De  Koven,  Union  County,  where 
it  has  a  maximum  thickness  of  54  inches.  The  roof  is  black  shale 
1^  to  2  feet  thick.  There  are  a  number  of  other  coal  beds  in  the 
State,  varying  in  thickness  from  a  few  inches  to  40  and  50  inches, 
some  of  which  are  worked. 

lONINa  METHODS. 

Coal  mining  in  Kentucky  began  in  a  small  way  in  1828,  during 
which  year  328  tons  were  reported  as  the  annual  production.  The 
production  has  gradually  iucreased  until  ia  1913  it  was  19,616,600 
tons.  The  majority  of  the  coal  is  mined  by  the  double-entry,  room- 
and-pillar  method.  In  the  eastern  part  of  the  State  practically  all  of 
the  mines  are  opened  by  drift  or  slope,  whereas  in  the  western  field 
there  are  a  number  of  shaft  mines.  In  1900  there  were  23  shaft 
mines  in  the  State,  the  others  being  opened  by  slopes  or  drifts.  The 
following  description  •  given  by  Dr.  C.  J.  Norwood  covers  the  mining 
methods  of  the  year  1889. 

Almost  without  exception,  the  mines  of  Kentucky  are  worked  on  the  "pillar-and- 
room  "  system,  with  either  single  (with  parallel  air  course)  or  double  entry,  usually 
the  former.  Sometimes  one  portion  of  the  bank  will  be  worked  with  single  entry  and 
another  portion  with  double.  The  only  two  instances,  known  to  the  writer,  in  which 
long  wall  was  tried  resulted  in  failure;  and  one  instance  in  which  square  work  was 
attempted  resulted  in  crushed  pillars.  The  rooms  are  usually  turned  every  30  or  33 
feet,  and  widened  to  from  18  to  21  feet.  The  necks  are  usually  6  to  12  feet  long  by  6  to 
8  feet  wide  in  the  western  field,  and  8, 12, 18,  or  20  feet  long  by  6  to  9  feet  wide  in  the 
eastern  field.    The  lengths  of  the  rooms  vary  so  greatly  that  a  general  statement  on 

•  Report  of  the  inspector  of  mines  of  Kentucky,  1889, 
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that  point  can  not  well  be  given.  Sometimes  they  are  driven  a  distance  of  600  feet 
from  one  entry  through  to  the  other;  again,  rooms  are  started  from  parallel  entries  to 
meet  midway,  and  will  be  driven  up  only  200  to  250  feet. 

In  the  western  field  the  rooms  are  almost  invariably  single.  In  the  eastern  one  they 
are  often  double,  or  two  rooms  are  worked  from  a  single  *' parting. " 

It  is  not  uncommon  for  rooms  to  be  turned  from  the  main  entry,  in  the  eastern  field; 
in  the  western  one  it  is  seldom  done. 

In  both  fields  single  entry,  with  parallel  air-course  (rooms  sometimes  being  turned 
from  the  air-course),  is  the  more  conunon  of  the  two  systems  followed.  Double  entry 
is  oftener  followed  in  the  western  field  than  In  the  eastern.  Sometimes,  when  single 
entry  with  parallel  air-course  is  adopted  it  is  ultimately  modified,  in  order  to  curtail 
expenses,  by  contruuing  room  width  what  began  as  narrow  work. 

In  the  eastern  field  all  of  the  opemngs,  with  one  exception,  (a  short  slope),  are  drifts, 
considerably  above  the  level  of  drainage.  (And  the  mines  there  are  the  wettest 
in  the  State).    In  the  western  one,  the  coals  are  reached  by  shafts,  slopes  and  drifts. 

These  methods  have  not  changed  materially  except  possibly  in  the 
increased  number  of  mining  machines  since  their  introduction  in  1884. 
In  1893,  there  were  70  machines  in  operation  in  the  Kentucky  coal 
mines,  which  produced  20  per  cent  of  the  State's  output.  The  num- 
ber of  machines  has  gradually  increased  until  in  1913,  1,263  mining 
machines  produced  73.2  per  cent  of  all  of  the  coal  mined  in  Kentucky. 

Shooting  off  the  solid  has  been  and  still  is  prevalent  in  Kentucky, 
but  with  the  increase  in  the  number  of  mining  machines,  there  is  a 
slight  decrease  in  the  amount  of  coal  shot  off  the  solid.  In  1911, 
16.2  per  cent  of  the  coal  was  thus  mined  and  in  1913,  15.7  per  cent. 

A  large  amount  of  the  underground  haulage  is  by  mules,  which  are 
used  largely  for  gathering  the  coal  from  the  working  face  and  deliver- 
ing it  to  a  rope  haulage  or  electric  haulage  system. 

BEPOBTABLE   ACCIDENTS   AND   OBOANIZATION  OF  INSPECTION 

SEBVICE. 

The  mine-inspection  law  of  Kentucky  was  approved  by  the  gov- 
ernor and  became  effective  May  10,  1884.  The  law  related  only  to 
mines  in  which  more  than  5  persons  were  employed  at  one  time.  The 
first  State  inspector  was  appointed  May  12  and  entered  on  duty  May 
14, 1884.  He  was  required,  among  other  things,  to  report  to  the  gov- 
ernor not  later  than  October  10  on  the  condition  and  operation  of  the 
coal  mines  and  to  enumerate  in  his  report  all  accidents  in  or  about 
the  mines.  The  law,  however,  contained  no  provisions  compeUing 
operators  to  report  accidents  to  the  State  inspector,  and  the  official 
record  of  mine  accidents  in  Kentucky  from  1884  to  1888  is  therefore 
somewhat  incomplete.  The  defect  in  the  original  law  was  remedied 
by  an  act  approved  April  6,  1888,  making  it  the  duty,  imder  penalty, 
of  mine  operators  to  furnish  accurate  information  to  the  State  inspec- 
tor, on  blanks  suppUed  by  him,  as  to  all  accidents  in  or  about  the 
mines. 
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An  act  approved  March  23,  1914,  designated  the  office  of  inspector 
of  mines  as  the  department  of  mines  and  changed  the  inspector's 
tide  to  chief  inspector  of  mines.  The  act  appUes  to  all  cosl  mines 
in  which  6  or  more  men  are  employed,  and  requires  the  superinten- 
dents of  such  mines  to  render  to  the  chief  inspector  monthly  reports 
of  all  fatal  and  serious  accidents,  showing  the  cause  of  such  accidents, 
and  such  other  information  as  the  chief  inspector  may  require. 
Fatal  accidents  are  also  required  to  be  reported  unmediately  to  the 
district  inspector.  Each  district  inspector  is  required  to  examine 
each  mine  in  this  district  at  least  once  every  four  months.  Monthly 
reports  are  rendered  by  the  assistant  inspectors  to  the  chief  inspector, 
and  annual  reports  are  rendered  to  the  chief  inspector  within  60 
days  after  the  close  of  the  calendar  year.  The  act  requires  that 
the  chief  inspector  shall  prepare  and  file  his  annual  report  for  printing 
within  six  months  after  the  dose  of  the  calendar  year. 

The  first  assistant  inspector  was  provided  for  by  the  acts  of  Decem- 
ber 3,  1892,  and  June  9,  1893,  and  he  entered  upon  his  duties  July 
1,  1893.  Since  that  time  the  inspection  force  has  been  further 
increased,  so  that  in  1915  the  force  consisted  of  one  chief  inspector 
and  five  assistant  inspectors. 

It  is  the  practice  of  mine  operators  to  report  to  the  inspector  all 
accidents  causing  death  or  injury  resulting  in  disability  for  at  least 
7  days,  and  all  such  accidents  are  published  in  the  inspector's  annual 
reports.  Nonfatal  injuries  are  classified  into  three  classes:  Serious, 
severe  but  not  serious,  and  slight.  The  inspector  has  defined  these 
classes  as  follows:  Serious  injuries  include  fractures,  paralysis, 
dangerous  injuries  to  internal  organs,  injuries  permanently  affecting 
muscles  (as  may  come  from  burns,  cuts,  lacerations),  dislocations, 
injuries  necessitating  amputation,  crushed  bones,  and  injuries  of 
similar  importance;  severe  but  not  serious  injuries  include  those 
that,  while  they  may  be  painful  and  cause  loss  of  a  week  or  more, 
leave  no  permanent  effects  or  are  not  dangerous,  such  as  bruises, 
cuts,  and  strains;  slight  injuries  include  bumps,  scratches,  strains 
and  minor  hurts  that  cause  no  cessation  of  work,  or  only  for  a  few 
days  Gess  than  a  week).  Slight  injuries  are  not  recorded  in  the 
inspectors'  annual  reports. 

ACCIDENTS. 

The  accompanying  State  tables  (Nos.  103  and  104)  show  the  total 
nimaber  of  fatalities  by  caxises  and  calendar  years  since  1884,  as  com- 
piled from  the  State  mine  inspector's  reports.  They  also  show  the  per- 
centage of  accidents  and  fataJity  rates  per  1,000  employed  by  principal 
causes,  over  a  period  of  26  years  (1888-1913)  for  which  continuous  rec- 
ords are  available.  The  fatihty  rate  during  this  period  is  1.98  per 
1 ,0QP  men  employed.    There  were  1 0  accidents  in  which  5  or  more  men 
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FATALITIES  IN  KEFTTUCiETCOAL  MINES.  BY  PRINCIPAL  CAUSES,  DURINO  THE  YEARS 

1888  TO  1913,  INCLUSIVE. 


Cause  of  accident. 


UnderKToand: 

Fall  of  roof  and  pillar  (ooal,  rock,  etc.) 

Mine  oar;  and  looomouves 

Gas  and  dust  explosions 

Explosives 

IfiiMftHftn^HHlP 

Shaft 

Surface 

Total,  26  years 


Number  killed. 


Total. 


316 
46 
74 
89 
39 
24 
47 


636 


Percent. 


49.76 
7.25 
11.65 
14.02 
6.14 
3.78 
7.40 


100.00 


Perl/XN) 

em- 
ployed. 


0.98 
.14 
.23 
.28 
.12 
.08 
.15 


1.98 


COAL-MINE  ACCIDENTS  IN  KENTUCKY  IN  WHICH  6  OR  MORE  MEN  WERE  KILLED. 


Date. 

Name  of  mine. 

Location  of  mine. 

Nature  of  accident. 

Number 
killed. 

1895   Jan.22 

Tate 

Sturgis 

Powder  or  mine  ex- 
plosion. 

Mine  explosion 

Blown-out  shot 

Mine  explosion 

Powder  and  mine  ex- 
plosion. 

Mme  explosion 

Powder  and  mine  ex- 
plosion. 

Mine  explosion 

do 

5 

1904   ADr.20 

Steams  No.  5 

StMunii  1.. 

5 

1908    Feb.  10 

Moody 

South  CarroUton 

Clay 

9 

1909    Dec.  11 

Baker  No.  5 

7 

1910    Feb.  1 

Browder 

Browder 

34 

1910    Feb.  8 

BarthellNo.  1 

Steams 

0 

1910   Not.  35 

Providence  No.  3 

Central 

Providence. 

10 

1912   Jan.  19 

Central  City 

5 

1912   Aor.  21 

Coil 

Madisonville 

5 

1913    May6. 

Taylor 

Hartford 

Overcome  by  gas 

5 

were  killed  at  one  time,  or  a  total  of  91  men,  representing  14  per 
cent  of  all  fatilities.  The  average  production  of  coal  per  fatality 
during  this  period  was  292,541  tons. 

During  recent  years  about  one-half  of  the  men  were  on  a  lO-hour 
basis;  one-fourth  on  9  hours,  and  one-fourth  on  8  hours.  The  time 
element  has  been  taken  into  consideration  and  a  table  compiled  on 

NUMBER  OF  HOURS  TO  THE  WORKING  DAY,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  KENTUCKT.a 


Year. 


1903.. 
1904.. 
1905.. 
1900.. 
1907.. 
1908.. 
1909  b. 
1910.. 
1911.. 
1912.. 
1913.. 


8-hour  day. 

9-hour  day. 

10-hour  day. 

Men  em- 
ployed 
other 

than  8. 9, 
or  10 

Number 

Men  em- 

Number 

Menemr 

Number 

Men  em- 

of  mines. 

ployed. 

of  mines. 

ployed. 

of  mines. 

pk>yed. 

hours 
per  day. 

49 

3,372 

42 

3,779 

84 

6,157 

1,046 

58 

3,870 

60 

4.208 

141 

5,952 

205 

50 

3,445 

52 

4,050 

94 

5,995 

1,195 

60 

4,171 

65 

3,972 

79 

6,941 

1,188 

60 

4,610 

71 

4,508 

97 

6,842 

1,011 

66 

4,636 

52 

2,072 

132 

9,166 

1,122 

69 

6,095 

56 

3,965 

126 

9,064 

1,192 

79 

6,103 

46 

4,789 

144 

10,289 

2,943 

09 

6,037 

58 

4,901 

149 

11,815 

1,551 

68 

5,754 

84 

7,389 

147 

12,390 

799 

Total 
Biunber 
of 


ployed 


14,  SM 
14,  »S 

14,686 
U,27t 
16,971 
U,9H 

16,908 
10, tit 


14.S04 


a  Compiled  from  annual  volumM  of  Mineral  Besooroeo,  U.  8.  Qeol.  Survey.        >  Census  yeai^ 
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NUHBEB  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  KENTUCKY,  AND 
THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2.000-HOUB  WORKERS. 


1903. 
1«M. 
1906. 
1906. 
1907. 
1906. 
1900. 
1910. 
1911. 
1912. 
1913. 


Days 
worked. 


907 
197 
900 
213 
210 
186 


Total  haais 

per  day 

(all  em- 

ployees). 


131,071 
130,197 
134,715 
130,218 
154,971 
157,404 


Total  hours 
per  year. 


27,317,097 
35,648,800 
26,043,000 
29,514,216 
32,543,010 
29,298,884 


Number 
of  2,000- 

hcnir 
workers. 


13.650 
12,824 
13,472 
14,757 
16,272 
14,647 


Fatalities. 


Total. 


27 
20 
31 
30 
32 
40 


Per 

1,000 

8,000- 

hovr 

worken. 


1.90 
l.M 
1.80 
1.64 

1.97 
1.73 


221 
201 
201 
212 


185,813 
221,302 
224,614 
243,624 


41,064,673 
44,481,702 
45,127,314 
51,648,288 


20.533 
22,241 
22,564 
25,824 


86 
44 
61 
48 


4. 

1. 
3. 

1. 


19 


this  basis  for  comparison  with  data  on  other  States.  The  rate  for 
the  10-year  period  (1903-1913)  under  consideration,  based  on  the 
actual  number  of  employees  is  2.23  per  1,000,  whereas  on  the  number 
of  2,000-hours  workers  it  is  2.36  per  1,000  (Table  40).  During  the 
10-year  period  the  men  worked  1,885  hours  per  annum  as  compared 
with  2,447  hours  per  annum  in  Virginia.  The  tables  of  statistics  for 
the  State  of  Kentucky  follow: 


STATISTICS   OF   STRIKES   AND   LOCKOUTS   IN  AND   ABOUT   THE 

KBNT17CKT.a 


COAL   ICINES    IN 


Year. 


1890 
190O 
1001 
1902 
1903 
1904 
1005 
1906 


Average 

Number 

Total 
days  lost. 

number 

of  men 
affected. 

of  days 
lost  per 

man. 

837 

24,598 

29 

2,046 

90,095 

31 

033 

32,707 

35 

1,248 

22,184 

18 

500 

13,717 

22 

3,781 

144,245 

30 

023 

62,661 

68 

1,242 

44,812 

36 

Year. 


1907 
1908 
1909 
1910 
1011 
1012 
1913 
1014 


Number 

Total 

of  men 
affected. 

days  lost. 

1,325 

53,016 

1,002 

26,041 

275 

16,500 

1,475 

15,107 

1,080 

34,008 

2,750 

79,685 

1,029 

18,638 

2,250 

82,010 

Average 
number 
of  days 
lost  per 
man. 


41 
27 
60 
10 
32 
29 
18 
37 


a  Compiled  from  annual  volumes  >of  Mineral  Resources,  U.  S.  Geol.  Survey. 
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IfAKTLAlW. 

ABEA  AND  DISTBIBXJTION  OF  COAL  FIELDS. 

The  coal  fields  of  Maryland,  a  southward  extension  of  those  in 
Somerset  County,  Pa.,  occupy  a  strip  along  the  western  border  of 
Allegany  County  about  20  rmles  long  and  averaging  5  miles  in 
width  and  the  greater  part  of  Garrett  Coimty,  comprising  a  total 
area  of  455  square  nules.  The  coal  measures  occupy  broad,  open, 
north  and  southwest  synclinal  folds,  which  are  separated  by  eroded 
anticlines  and  are  in  the  lower  Carboniferous  or  Devonian  rocks. 
There  are  five  basins,  known  as  Georges  Creek,  Upper  Potomac, 
Castleman,  Lower  Youghiogheny,  and  Upper  Youghiogheny.  The 
present  production  of  coal  is  almost  exclusively  mined  from  the  first 
two  basins.  The  prominence  of  the  Georges  Creek  basin  has  led  to 
the  use  of  the  name  of  Georges  Creek  coal,  and  until  recent  years 
practically  all  of  this  coal  came  from  the  Pittsburgh  seam  or  ''Big 
Vein."     The  coal  beds  are  usually  flat,  seldom  attaining  a  dip  of  10^. 

CHABACTEB  OF  COAL  BEDS. 

Hie  following  description  of  the  principal  coal-producing  beds  of 
Maryland  is  taken  from  the  report^  of  the  Maryland  Geological 
Survey  on  Allegany  Coimty  for  the  year  1900: 

The  ElkgardcQ  or  ''Big  Vein "  is  more  extencdvely  developed  in  the  Georges  Creek 
basin,  especially  in  the  vicinity  of  Frostbuig,  than  in  West  Viiginia,  where  it  derives 
its  name.  The  ''Big  Vein  "  vftries  in  thickness  from  5  to  7  feet  up  to  more  than  20 
feet,  the  latter  thickness  having,  moreover,  been  exceeded  at  one  or  two  isolated 
points  where  pockets  of  unusual  thickness  have  been  reached.  Its  usual  thickness 
is  from  10  to  12  feet,  and  in  general  it  has  been  found  to  thicken  southward.  The 
coal  is  very  clean  and  of  the  highest  quality,  affording  a  low  percentage  of  both  ash 
and  sulphur.  It  is  in  most  respects  the  finest  steam  coal  known  and  is  extensively 
used  where  the  highest  grade  coals  are  demanded. 

The  Elkgarden  coal  occurs  at  the  base  of  the  Monongahela  formation,  and  is  prob- 
ably the  equivalent  of  the  Pittsburgh  vein  of  Pennsylvania  and  West  Virginia, 
although  on  accoimt  of  the  structural  conditions  under  which  it  is  foimd  it  differs 
materially  from  the  latter  in  its  physical  and  chemical  properties. 

Thin,  persistent  bands  of  slate  or  dry  partings  subdivide  the  ''Big  Vein "  coal  into 
three  definite  members,  each  of  which  possesses  special  characteristics.  These  beds 
are  known  as  Roof  coal,  Breast  coal,  and  Bottom  coal. 

The  Boof  coal  includes  several  more  or  less  important  layers  of  coal  of  varying  purity 
and  thickness,  separated  by  thin  beds  of  shale.  Except  in  the  northern  part  of  the 
basin  these  roof  coals  are  not  removed  in  mining,  since  they  are  of  particular  impor- 
tance as  a  support  for  the  overlying  strata. 

The  Breast  coal  Is  the  thickest  and  the  most  valuable  member  of  the  "Big  Vein'' 
coal.  North  of  Frostburg  it  seems  to  retain  its  purity  through  a  thickness  of  scarcely 
more  than  2  feet,  while  south  of  Lonaconing  it  is  sometimes  more  than  7  feet  thick 
and  without  impurities.  Near  the  top  there  is  a  2  to  8  inch  layer  of  bony  coal,  but  this 
is  rarely  sufficiently  impure  to  necessitate  its  rejection.    Near  the  bottom  there  is  a 

•Ctark,  W.  B.,  and  others,  The  mlnenil  reBOoroes  of  Allegany  Coimty:  Kept.  Maryland  Oeol.  Survey, 
1900,  pp.  177-178. 
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4  to  6  inch  band  of  soft  *' mining  ply,  *'  which  is  jet  black,  has  a  brilliant  luster,  and 
shows  a  strong  tendency  to  break  into  small  cubical  blocks. 

The  Bottom  coal  is  2^  to  3  feet  thick  and  generally  contains  two  thin  slate  bands. 
Other  impurities  are  sometimes  present,  but  they  are  seldom  of  a  very  serious  nature. 
On  account  of  the  slate  bands  the  bottom  coal  for  many  years  was  not  mined,  but 
under  an  improved  system  of  mining  these  thin  slates  are  now  easily  removed  and  the 
coal  readily  taken  up. 

The  Davis  (6-foot  coal  bed)  is  one  of  the  most  important  of  the 
small- vein  coals  of  the  Stata     The  report  ^  describes  it  as  follows : 

Near  Westemport,  where  the  seam  approaches  6  feet  in  thickness,  the  coal  has  been 
mined  for  a  number  of  years,  and  although  seldom  put  upon  the  market  as  a  competitor 
of  the ' '  Big  Vein  "  coal,  it  has  nevertheless  supplied  a  considerable  part  of  the  demand 
in  Westemport  and  Piedmont  and  is  now  finding  a  wider  market. 

Throughout  the  lower  Geoi^es  Creek  Valley  the  Davis  coal  reaches  a  greater  thick- 
ness and  is  more  important  than  any  other  coal  except  the  ''Big  Vein."  This  coal 
always  contains  partings  of  either  shale  or  sandstone,  while  bone-coal  is  not  infre- 
quent. There  is  at  times  considerable  sulphur  in  the  lower  bench.  At  some  points 
In  the  lower  Georges  Creek  Valley  the  Davis  vein  is  quite  clean  and,  in  general,  seems 
to  improve  in  quality  southward.  The  Davis  vein  in  Allegany  Coimty  generally 
has  a  roof  composed  of  shale,  overlain  by  heavy  sandstime.  The  Davis  coal  Is  situated 
about  125-150  feet  above  the  base  of  the  Allegany  formation.  This  vein  is  gen- 
erally regarded  as  the  approximate  equivalent  of  the  lower  Eittanning  coal  of  Penn- 
sylvania. 

The  Thomas  (3-foot  coal)  varies  in  thickness  from  2  feet  6  inches 
to  3  feet  2  inches.  The  coal  is  clean  and  has  been  successfully  opened 
north  of  Westemport.  The  bed  has  a  characteristic  shale  roof  aud 
a  fire-clay  floor.  The  coal  is  generally  regarded  as  the  equivalent  of 
the  Upper  Freeport. 

HININa  METHODS. 

The  earliest  records  of  the  production  of  coal  in  Maryland  are  for 
1820,  during  which  year  3,000  tons  of  coal  was  mined.  The  produc- 
tion has  generally  increased  until  in  1913,  4,779,839  tons  was  mined. 
Most  of  the  Maryland  mines  are  worked  by  the  room-and-pillar 
method  from  drift  entries,  there  being  only  a  few  slope  mines.  Tail- 
rope  haulage  is  used  to  some  extent,  whereas  mule  haulage  is  used 
extensively.  There  are  relatively  few  mining  machines  in  use  and 
these  are  of  the  pick  or  puncher  type.  In  1900  there  were  10  ma- 
chines in  operation,  producing  138,014  tons,  or  3.4  per  cent  of  the 
coal  mined  in  the  State.  In  1904  the  machine-mined  coal  amoimted 
to  10  per  cent  of  the  total  production.  In  1913,  91.5  per  cent  of  the 
coal  was  mined  by  hand,  1.7  per  cent  by  machine,  and  6.2  per  cent 
was  reported  as  being  shot  off  the  soUd.  Although  the  greater  part 
of  the  Maryland  production  is  mined  by  hand,  the  record  of  indi- 
vidual eflGiciency  of  the  miners  is  high.  The  average  production  of 
each  man  in  1913  was  847  tons,  or  3.42  tons  for  each  working  day. 

o  Clark,  W.  B.^and  others,  op.  cit.,  p.  173. 


COAL-MIKE  FATAUTIES  IN  THE  UNITED  STATES,  1870-19U.      215 


BEFOBTABLB   ACOXDEMTS  AND   OBGANIZATION  OF  INSPBCTION 

SEBVICB. 

An  act  approved  March  30, 1876,  authorized  the  governor  to  appoint 
a  mine  inspector  for  Allegany  and  Ghurett  counties  whose  duty  it 
was  to  inspect  every  coal  mine  at  least  once  each  month.  When 
notified  by  the  coroner  of  either  county,  the  inspector  was  required 
to  attend  inquests  and  to  investigate  the  causes  of  fatal  accidents  at 
the  mines.  Annual  reports  were  rendered  to  the  governor  and  all 
mine  accidents  were  enumerated  therein.  On  March  24,  1902,  a 
law  was  approved  extending  the  inspection  service  to  indude  clay 
and  fire-clay  mines,  and  directing  the  inspector  to  examine  all  mines 
as  often  as  possible,  but  at  least  once  every  two  months.  All  fatal 
and  serious  accidents  in  and  about  the  mines  were  required  to  be 
reported  to  the  inspector  by  mine  operators. 

It  is  the  practice  of  the  operators  to  report  all  accidents  to  the 
inspector^  and  all  accidents  thus  reported  are  pubUshed  in  the  inspec- 
tor's annual  reports.  Injuries  causing  less  than  7  days'  disabiUty 
are  considered  as  slight. 

Up  to  1915  the  mine  inspector  employed  no  deputy  or  assistant 

inspectors. 

AOCiDEirrs. 

Tables  105  and  106  show  the  number  of  fataUties  and  men  em- 
ployed from  the  beginning  of  inspection  service,  1876,  to  date,  as 
compiled  from  the  State  mine  inspectors'  reports.  The  fataUty  rate 
for  the  years  for  which  continuous  records  are  available,  1889  to 

FATALFTIES  IN  MABTLAIID  GOAL  MINES.  BY  PRINCIPAL  CAUSES,  DURING  THE 

YEARS  1880  TO  1913,  INCLUSIVE,  a 


Cause  of  aocldent. 


UndnuuiJiid: 

Ful  of  roof  and  pfllar  (ooal,  rock,  etc.) . 

Ifine  cais  and  looomoaTes 

Gas  and  dust  e3cpk»fc)iis 

Explosives 

MisoeUaDeoas 

Shaft 


Number  IdUed. 


Total. 


127 

ao 


5 
36 


Per  oeut. 


67.78 
13.04 


3.27 
16.30 


Perl,000 

em- 
ployed. 


1.08 
.20 


.04 
.30 


22 


10.00 


.10 


Total,  23  years. 


220 


100.00 


L87 


a  Exdodes  1907  and  1906,  tor  whkih  the  report  for  the  fiscal  year  ending  Apr.  30, 1008,  was  not  ayailable. 
COAL-MINE  ACCIDENTS  IN  MABTLAND  IN  WHICH  5  OR  MORE  MEN  WERE  EZLLED. 

Date 1909,  Jan.  25. 

Name  of  mine Washington  No.  5. 

Location  of  mine Franklin. 

Nature  of  accident Mine  care. 

Number  killed 5. 
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1906  and  1909  to  1913,  inclusive,  covering  23  years,  is  1.87  per  1,000 
men  employed.  The  amount  of  coal  produced  per  fatality  was 
459,193  tons,  or  there  were  2.18  fatalities  per  million  tons  mined. 
During  this  23-year  period  220  men  were  killed,  of  which  number 
57.73  per  cent  was  due  to  falls  of  roof  and  13.64  per  cent  to  mine 
cars  and  locomotives.  Maryland  has  been  remarkably  free  from 
gas  and  dust  explosions;  the  fatality  rate  from  explosives  is  also  low, 
representing  only  2.27  per  cent  of  the  total  nmnber  killed. 

The  10-hour  day  prevails  in  Maryland  and  for  comparison  with  data 
on  8  and  9  hour  States  Tables  40  and  41  have  been  compiled.  The 
fatality  rate  for  the  8-year  period  1903  to  1906,  and  1910  to  1913, 

NUMBER  OF  HOURS  TO  THE  WORKING  DAY.  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  MA]lTLAND.a 


Year. 


1903.. 
1904.. 
1905.. 
1906.. 
1907.. 
1908.. 
1909». 
1910.. 
1911.. 
1912.. 
1913.. 


8-hoiir  day. 


Number 
of  mines. 


1 
2 
2 


3 
2 
2 
3 


Men  em- 
ployed. 


45 
72 
70 


80 


9 

8 

53 

15 


9-hoiir  day. 


Number 
of  mines. 


6 
2 
1 
5 
8 


6 
9 

4 
5 


Men  em- 
ployed. 


974 
60 
50 
84 
59 


71 
148 

41 
203 


10-hour  day. 


Number 
of  mines. 


29 
43 
39 
45 
67 
49 


61 
59 
57 
49 


Men  em- 
ployed. 


3,808 
4,531 
5,385 
6,358 
5,693 
5,905 


5,717 
5,670 
6,000 
5,105 


Men  em- 
ployed 
other 

than  8, 9, 
or  10 
hours 

per  day. 


2,006 
94 

433 
30 

103 
35 


12 
253 

68 
322 


Total 
BiiBiber 
of  men 

em- 
ployed. 


5,C71 
5,948 
«,43S 

5,880 
«,079 
8,0M 
5,809 
6,079 
6,ltt 
5,  MB 


a  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  S.  Geol.  Survey.         ^  Census  year. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  MABTLAND  AND 
THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2,000-HOUR  WORKERS. 


Year. 


1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 


Days 
worked. 


219 
226 
252 
250 
263 
220 


Total  hours 
per  day     Total  hours 


(all  em- 
ployees). 


66,494 
56,198 
58,847 
64,300 
58,613 
60,536 


per  year. 


12,372,186 
12,542,548 
14,829,444 
16,075,000 
15,415,219 
13,317,920 


Number 
of  2,000- 
hour 
workers. 


6,186 
6,271 
7,415 
8,038 
7,708 
6,659 


Fatalities. 


Total. 


12 

10 

15 

6 


1,000 
8,000- 

honr 
worken. 


1.94 

LW 

8.08 

.71 


270 
243 
259 
248 


57,989 
60,373 
61,405 
55,885 


15,657,030 
14,670,639 
15,903,895 
13,881,960 


7,829 
7,335 
7,952 
6,931 


18 
15 
15 
13 


8.80 
S.OI 
L8I 
1.88 


inclusive,  based  on  the  actual  number  of  employees  is  2.18,  whereas 
if  reduced  to  the  basis  of  2,000-hour  workers,  the  rate  becomes  1.79. 
The  number  of  hours  worked  per  year  per  man  in  the  coal  mines  of 
Maryland  is  2,428,  as  compared  with  1,620  in  Michigan  and  2,034  in 
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the  bituminous  mines  of  Pennsylvania  and  2,132  in  West  Virginia. 
The  tables  of  statistics  for  the  State  of  Maryland  follow: 

STATISTICS  OF  STRIKES  AND  LOCKOUTS  IN  AND  ABOUT  THE  COAL  MINES  IN 

MA]lTLAND.a 


Year. 


U90. 
1900. 
1901. 
UNB. 
19Q3. 
19M. 
1906. 
1906. 


Namber 

of  men 

affected. 


35 

4,787 


120 
"36 


Total 
dayH 
lost. 


420 
504,544 


6,045 
"*366 


AverfHire 
number 
of  days 
lost  per 
man. 


12 
105 


50 

io 


1907. 
1908. 
1900. 
1910. 
1911. 
1912. 
1913. 
1914. 


Year. 


Number 

of  men 

affected. 


510 


25 


347 

200 

91 


Total 
days 
lost. 


13,770 
*  '£75 


3,228 

400 

1,547 


Average 
number 
of  days 
lost  per 
man. 


27 
"'7 


0 
2 

17 


•  Compiled  from  annual  volumes  of  ICinenU  Resouroes,  U.  S.  Geol.  Survey. 
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MICmGAN. 
ABEA  AND  DISTRIBUTION  OF  GOAL  FIELDS. 

The  coal-bearing  area  of  Michigan  comprises  about  11,000  square 
miles  and  occupies  a  basin  in  the  central  part  of  the  lower  peninsula 
between  Lake  Huron  and  Lake  Michigan.  The  field  extends  from 
Jackson  County  on  the  south  to  Roscommon  County  on  the  north 
and  from  Tuscola  County  on  the  east  to  Kent  County  on  the  west. 
The  principal  mining  operations  are  in  Bay  and  Saginaw  Counties  in 
the  northeastern  part  of  the  field. 

C^ABACTEB  OF  COAL  BEDS. 

The  structure  of  the  field  is  a  comparatively  flat  basin  modified 
by  minor  undulations.  There  are  at  least  seven  coal-bearing  hori- 
zons in  which  coal  may  be  considered  as  workable  at  certain  places. 
The  three  principal  coal  beds  are  the  Upper  and  Lower  Verne  and 
the  Saginaw.  The  Upper  and  Lower  Verne  beds  usually  are  close 
together  and  in  a  number  of  places  are  mined  as  one  bed  of  eoal. 
These  beds  vary  in  thickness  from  place  to  place,  but  the  thickness 
of  a  single  bed  is  not  generally  more  than  3  feet.  The  combined 
thickness  of  the  two  beds  within  10  feet  of  strata  may  be  7  feet. 
These  coal  beds  are  more  or  less  undulating  and  in  one  instance  a 
rise  of  22  feet  within  150  feet  without  faulting  has  been  noted.  Li 
consequence  of  this  irregularity  many  of  the  working  plans  of  the 
mines  in  which  the  workings  follow  troughs  are  very  irregular,  and 
as  most  of  the  merchantable  coal  is  less  than  4  feet,  some  being  less 
than  2  feet  thick,  large  areas  of  this  coal  are  left  imtouched.  They 
are  100  to  150  feet  below  the  surface.  The  Saginaw  bed  is  somewhat 
deeper. 

MINING  METHODS. 

The  records  for  coal  production  for  Michigan  began  in  1860,  when 
2,320  tons  of  coal  were  mined.  The  production  in  1913  was  1,231,786 
tons.  Practically  aU  of  the  mines  are  opened  by  shafts  100  to  150 
feet  deep.  The  room-and-pillar  system  of  mining  is  the  principal 
method  in  use.  The  longwall  method  was  tried  at  one  or  two  mines 
but  it  was  abandoned  for  the  reason  that  there  was  too  much  danger 
of  shattering  the  roof  and  letting  in  water  from  the  glacial  over- 
burden. Mining  machines  were  first  introduced  in  Michigan  in  the 
Bay  City  district  and  became  an  important  feature  in  Michigan 
mines  in  1899,  when  25  machines  produced  slightly  over  10  per  cent 
of  the  coal.  In  1913,  70  per  cent  of  the  coal  was  produced  by  ma- 
chines and  29.5  per  cent  shot  off  the  solid. 
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BBPOBTABUEB   ACCIDEMTS  AND  OBaANIZATZON  OF  INSPBCTION 

8EBVI0B. 

The  l^islature  of  liCchigan,  by  an  act  approved  May  2,  1899, 
authorized  the  commissioner  of  labor  to  appoint  an  inspector  of  coal 
mines,  the  inspector  to  examine  all  coal  mines  in  the  State  and  to 
report,  from  time  to  time,  the  results  of  his  examinations  to  the  com- 
missioner of  labor.  The  results  of  the  inspector's  examinations  were 
incorporated  in  the  re^lar  annual  report  of  the  conmiissioner.  The 
inspector  was  authorized  to  enter  any  coal  mine  at  any  time  for  the 
purpose  of  inspection  or  to  collect  statistics  relating  to  ''hours  of 
labor,  wages,  industrial,  economic  and  sanitary  questions  or  mat- 
ters, scales  and  oils."  It  was  specified  in  an  act  approved  May  10, 
1905,  that  the  law  appUed  to  ''any  shaft  in  process  of  sinking,  and 
any  opening  projected  for  the  purpose  of  mining  coal."  On  June  2, 
1909,  a  law  was  approved  directing  the  commissioner  of  labor,  under 
whose  supervision  the  inspection  of  coal  mines  was  carried  on,  to 
include  in  his  aimual  reports  beginning  April  1,  1910,  a  statement 
showing  the  number  of  persons  employed  and  the  nimiber  and  char- 
acter of  accidents  in  aU  departments  of  labor  in  the  State. 

All  mine  accidents  are  reported  to  the  inspector  and  are  published 
in  his  annual  report  to  the  commissioner  of  labor.  Serious  and  slight 
injuries  are  neither  segregated  nor  defined. 

In  1915  the  inspector  employed  no  assistants^ 

ACCIDENTS. 

Tables  107  and  108  show  the  total  number  of  fatalities  by  calendar 
years  and  causes  from  1899  to  1913,  inclusive,  as  compiled  from  the 
State  mine  inspector's  reports.  Beginning  with  1900  to  and  including 
1913,  for  which  continuous  records  are  available,  98  men  were  killed, 

FATALrriES  IN  BDCHIGAN  COAL  MINES.  BY  PRINCIPAL  CAUSES.  DURING  THE  YEARS 

1900  TO  1913,  INCLUSIVE. 


Gaose  of  acddent. 


UadereroaDd: 

Fall  of  rool  and  pillar  (eoal,  rock,  etc.) 

IfiziecaisandloixHnotlYes 

Qas  and  dust  ezplosioDs 

Explosives 

Hjscellaneoas 

Shaft 

Surfkoe 

Total,  14  years. 


Number  kOled. 


Total. 


61 

2 

0 

15 

15 

10 

5 


98 


Per  cent. 


62.04 
2.04 


15.31 

15.31 

10.20 

5.10 


100.00 


Per  1,000 

em- 
ployed. 


1.13 
.04 


.33 
.33 
.22 
.11 


2.16 


representing  a  fatality  rate  of  2.16  per  1,000  men  employed.    Of  the 
total  nnmber  of  fatalities  52.04  per  cent  was  due  to  falls  of  roof-and- 
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pillar  coal,  15.31  per  cent  to  explosives,  and  10.20  per  cent  to  shaft 
accidents.  Michigan  had  been  fortunate  in  the  matter  of  mine  dis- 
asters, none  having  occurred  in  which  5  or  more  men  were  killed  at 
one  time.  No  fataUties  are  reported  as  due  to  gas  and  dust  explo- 
siona.  The  average  production  per  fatality  dvxi^  the  14-year  period 
above  referred  to  was  200,919  tons,  or  4.98  fatalities  per  million  tons 
mined. 

Since  1905  practically  all  of  the  men  employed  in  and  about  the 
mines  of  Michigan  have  been  on  an  8-hour  basis.  This,  to  a  certain 
extent,  accounts  for  the  low  fatality  rate  compared  with  other 
States,  in  which  the  men  are  employed  9  or  10  hours.  The  average 
number  of  hours  worked  per  year  per  man  in  Michigan  was  1,620 

NUMBER  OF  HOURS  TO  THE  WORKING  DAY,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  MICHIGAN^ 


Year. 


1903.. 

1904.. 

1905.. 

1906.. 

1907.. 

1906.. 

1909  b, 

1910.. 

1911.. 

1912.. 

1913.. 


S-hoar  day. 

9-boar  day. 

10-hour  day. 

Menem- 

than  8. 9, 
or  10 
hours 

per  day. 

Nnmber 
of  mines. 

Men  em- 
ployed. 

Nnmber 
ot  mines. 

Men  em- 
ployed. 

Nnmber 
of  mines. 

Men  em- 
ployed. 

9 
20 
23 
27 
27 
31 

1,233 
2,627 
3,327 
3,941 
3,939 
4,224 

1,535 

922 

369 

30 

43 

23 

27 

21 
20 
24 

3,511 
3,199 
3,107 
3,305 

64 

40 

6 

Total 
number 
of 


em- 
ployed 


8,768 
8,848 
8,686 

8,871 
8,888 

4,967 
8,686 
8,678 
8,818 
8,118 


a  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  S.  Qeol.  Survey.        h  Census  year. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  MICHIGAN  AND 
THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2,000-HOUR  WORKERS. 


Year. 


1903. 
1604. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 


Days 
worked. 


222 

183 
186 
173 
234 
207 


Total  hours 

per  day 

Call  em- 

pbyees). 


23,679 
29,314 
29,937 
31,798 
31,809 

33, vvV 


Total  hours 
per  year. 


6,256,738 
5,364,462 
5,568,282 
5,501,054 
7,404,366 
7,037,793 


Number 

of  2,000 

hour 

workers. 


2,629 
2,682 
2,784 
2,751 
3,732 
3,519 


Fatalities. 


Total. 


8 
6 
9 
5 
7 
6 


toco 

8,660- 

honr 
workers. 


8.06 
8.86 
8.88 
1.88 
1.88 
1.71 


211 

218 
183 
188 


28,664 
26,033 
24,910 
26,440 


6,048,104 
5,675,194 
4,558,530 
4,970,720 


8,024 
2,838 
2,280 
2,486 


6 
7 
8 
3 


1.88 
8.47 
8.61 

1.81 


during  the  10-year  period,  1903-1913,  as  compared  with  2,172  in 
Colorado  or  2,034  in  Pennsylvania  (bitnminons)  and  2,447  in  Vir- 
ginia.   The  fataUty  rate  (Table  40}  based  on  the  actual  number  of 
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men  employed,  is  1.83  for  the  10-year  period,  as  compared  with  2.26 
based  on  the  2;000-hoTir  workers.  Table  41  shows  the  fatality  rates 
for  a  period  of  10  years  based  on  the  2,000-hoiir  year  for  all  the 
States,  so  that  by  referring  to  this  table  a  trae  comparison  of  Michi- 
gan with  other  States  may  be  seen.  The  tables  of  statistics  for  the 
State  of  Michigan  follow: 

STATISTICS  OF  STRIKES  AND  LOCKOUTS   IN  AND  ABOUT  THE  COAL  HINES  IN 

MICHIGAN^ 


Ymt. 


190O. 
1901. 
UiB. 

vm. 

1904. 
1906. 


Number 

of  men 

affected. 


487 
81 


1,935 

75 

604 


3,340 


Total 
days 
ket. 


9,547 
1,514 


239,146 

835 

3,403 


394,630 


Ayerage 
number 
ofda3^ 
lost  per 
man. 


30 
19 


124 

11 

4 


88 


Year. 


1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 


Number 

of  men 

affected. 


965 

300 

527 

1,663 


2,038 
180 


Total 
days 
loet. 


1,335 

4,800 

33,003 

86,789 


101,434 
1,200 


Avenge 
number 
of  days 
lost  per 
man. 


6 
16 
44 
53 


50 

7 


«  OQsq>iled  ftom  annual  volumeB  of  Mineral  Resources,  U.  S.  OeoL  Survey. 
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MISSOURI. 

ABBA  AND  DI8T&IBTJTI0N  OF  COAL  FIELDS. 

The  productive  coal  area  of  Missouri  comprises  much  of  the  north- 
em  half  of  the  State,  and  a  strip  on  the  western  border.  It  extends 
north  into  Iowa  and  west  into  Kansas.  As  in  Iowa,  the  terms  Des 
Moines  and  Missouri  groups  are  applied  to  the  upper  and  lower 
coal-bearmg  measures,  respectively,  both  of  which  are  in  the  Penn- 
sylvanian  series  of  the  Carboniferous  system.  The  Des  Moines, 
which  includes  nearly  all  the  coal  beds  of  present  economic  impor- 
tance, outcrops  in  about  16,000  square  miles  and  also  imderlies  the 
Missouri  group  in  about  8,000  square  miles. 

CHABACTBB  OF  COAL  BEDS. 

In  the  north-central  part  of  the  State  the  coal  beds  are  horizontal; 
in  the  western  and  northwestern  part  they  dip  northwest  about  8 
feet  per  mile. 

The  Missouri  coal  is  low-grade  bituminous,  and  more  than  90  per 
cent  is  produced  from  the  Des  Moines  group.  The  Bevier  field  in 
the  north-central  part  of  the  State  produces  about  30  per  cent  of  the 
coal  from  a  bed  varying  3  feet  to  6  feet  in  thickness.  The  roof  is 
sandy  shale  and  sandstone  of  only  moderate  stability.  The  bed  in 
the  Lexington  field  is  14  to  26  inches  thick  and  produces  25  to  30  per 
cent  of  the  coal.  The  roof  is  a  black,  slaty  shale  with  a  strong  lime- 
stone cap  rock  and  is  almost  ideal  for  longwall  mining. 

The  Southwestern  field  includes  Henry,  Barton,  and  Bates  coun- 
ties and  produces  about  20  per  cent  of  the  coal  from  a  coal  bed  3  to 
4  feet  thick.  In  these  counties  there  are  a  few  open-pit  mines.  The 
Novinger  field  (Adair  County)  produces  about  10  per  cent  of  the  coal 
from  a  bed  that  is  about  3^  feet  thick.  There  are  several  smaller 
fields  in  other  parts  of  the  State. 

HININa  HBTH0D8. 

The  earliest  statistics  of  coal  production  for  Missouri  date  back  to 
1840,  when  9,972  tons  of  coal  were  produced.  The  production  for 
1913  was  4,318,125  tons. 

In  1912  there  were  about  214  mines  in  operation  of  which  136  were 
opened  by  shaft,  36  by  slope,  2§  by  drift,  and  7  were  strip  pits.  Of 
this  number  102  used  the  longwall  method,  and  94  the  room-and- 
pillar  method  of  mining.  The  longwall  method  is  used  almost  ex- 
clusively in  the  Lexington  field,  where  the  coal  is  thin  and  has  a  good 
roof.  In  the  other  fields  various  forms  of  room  and  pillar  methods 
are  used.  Electric  haulage  is  used  in  13  mines;  mule  haulage  in  94, 
and  hand  haulage  in  41  mines.  Fifty-eight  mines  were  ventilated 
by  natural  draft,  52  by  furnaces,  and  88  by  fans.  Hoisting  at  80 
mines  was  by  steam  power,  at  3  by  electricity,  at  64  by  horsepower, 
and  at  6  by  hand  power. 
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Ifining  machines  have  been  used  in  Mossouri  since  1896,  when  4 
machines  were  operated,  producing  2.6  per  cent  of  the  coal.  The 
number  of  machines  has  gradually  increased  until  in  1913  there  were 
104  machines  producing  20  per  cent  of  the  coal.  It  is  reported  that 
46.8  per  cent  is  shot  off  the  solid,  and  23.6  per  cent  is  mined  by  hand. 

BBP0BTABI;B   AOOIDENTS  and  OBaANIZATION  OF  IKSFBOnON 

SEBVXCB. 

The  first  mine-inspection  service  of  Missouri  was  provided  for  by 
the  act  approved  March  23,  1881,  authorizing  the  court  of  every 
county  where  coal  mines  were  situated  to  appoint  a  county  mine 
inspector.  It  was  made  the  duty  of  mine  operators  to  report  to  the 
inspector,  under  penalty,  all  fatal  and  serious  accidents  at  their  mines, 
and,  if  the  accident  was  fatal,  it  was  to  be  reported  to  the  county  cor- 
oner, or,  in  his  absence  or  inability  to  act,  to  any  justice  of  the  peace 
in  the  county.  If  deemed  necessary  from  the  facts  reported,  the 
inspector  was  required  to  go  to  the  scene  of  the  accident,  render  as- 
sistance, iQvestigate  the  cause  of  the  accident,  and  preserve  a  record 
of  his  investigation  with  the  other  records  of  his  office.  The  county 
inspectors  rendered  ^onual  reports  to  the  '' Commissioner  of  Labor 
Statistics,"  ahovnng  causes  of  accidents,  number  employed  in  and 
about  the  mines,  etc. 

The  law  of  March  30,  1887,  consolidated  the  inspection  service 
under  the  jurisdiction  of  a  State  mine  inspector  appointed  by  the 
governor  on  the  recommendation  of  a  board  of  examiners.  The 
inspector  thus  appointed  rendered  annual  reports  on  October  15  to 
the  bureau  of  labor  statistics. 

The  act  of  April  26,  1899,  created  a  bureau  of  mines,  mining,  and 
mine  inspection,  and  authorized  the  appointment  ot  two  mine  iaspec- 
tors — one  for  coal  mines  and  the  other  for  lead  and  zinc  mines — the 
inspectors  being  given  authority  to  appoint  a  secretary.  The  act  of 
March  27,  1901,  required  the  inspector  to  report  to  the  governor  by 
April  15  of  each  year.  An  assistant  inspector  was  authorized  by  the 
act  of  March  30,  1907.  The  coal-mine  inspection  force  was  increased 
by  the  act  of  March  25,  1913,  which  authorized  the  appointment  of  a 
chief  inspector  and  two  assistants  inspectors,  the  chief  inspector  to 
render  annual  reports  to  the  governor  on  January  1  in  accordance 
with  existing  laws. 

It  has  not  been  definitely  determined  in  Missouri  when  an  injury 
is  sufficiently  serious  to  come  within  the  requirement  of  the  law  that 
it  shall  be  reported  to  the  inspector,  but  it  is  the  practice  of  the 
operators  to  report  all  injuries  causing  three  or  four  days'  disability, 
and  these  are  published  in  the  inspector's  annual  reports.  Of  the 
injuries  reported  to  the  inspector,  those  resulting  in  disability  of  an 
employee  for  at  least  30  days  are  classified  as  serious,  all  others  being 
considered  slight  injuries. 
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ACCIDSNT8. 

The  number  of  accidents  in  the  coal  mines  of  Missouri,  by  causes 
and  calendar  years,  is  contained  in  Tables  109  and  110.  These  tables 
also  show  the  total  number  and  percentage  of  fatalities  classified  by 
principal  causes,  and  the  fatality  rate  per  1,000  men  employed  for  a 
period  of  26  years  (1888-1913),  for  which  continuous  records  are 

FATALITIES  IN  BOSSOUBI  COAL  MINES,  BY  PRINCIPAL  CAUSES,  DURINa  THE  YEARS 

1888  TO  1913,  INCLUSIVE. 


Cause  of  accident. 


Undereroand: 

Fall  of  roof  and  pillar  (coal,  rock,  etc.) . 

lOne  cars  and  looomonyes 

Oas  and  dust  exploaions 

Explosiyea 

Miscellaneous 

Shalt 

Surface 


Total,  26  years. 


Number  killed. 


Total. 


235 
19 
40 
43 
10 
27 
4 


378 


Percent. 


62.17 
5.03 
10.58 
11.38 
2.64 
7.14 
1.06 


Per  1,000 

em- 
ployed. 


1.10 
.09 
.19 
.20 
.06 
.18 
.02 


100.00 


1.78 


COAL-MINE  ACCmENTS  IN  MISSOURI  IN  WHICH  5  OR  M6RE  MEN  WERE  EILLED. 


Date. 

Name  of  mine. 

Locatk>n  of  mine. 

• 

Nature  of  accident. 

Number 
killed. 

1888    Mar.29 

Keith  and  Perry  No.  6. 
Atlas 

Rich  Hill 

Mine  explosion 

do.:. 

24 

1916   Feb.  18 

do 

6 

available.  The  fatality  rate  during  this  period  is  1.78  per  1,000  men 
employed.  During  the  26  years  there  was  only  one  serious  mine  dis- 
aster, in  which  more  than  5  men  were  killed  at  one  time.  This  was 
a  mine  explosion  in  1888  in  which  24  men  were  killed,  representing 
slightly  over  6  per  cent  of  the  total  number  of  fatalities  during 
the  period  covered.  FaUs  of  roof  and  pillar  coal  are  responsible  for 
62.17  per  cent;  gas  and  dust  explosions,  10.58  per  cent;  and  explo- 
sives, 11.38  per  cent.  The  average  production  of  coal  per  fatality 
was  229,541,  or  there  were  4.36  fatalities  per  million  tons  of  coal 
mined. 

About  97  per  cent  of  the  men  employed  in  the  coal  mines  of  Mis- 
souri since  1903  have  been  eight-hour  men.  As  there  are  a  number  of 
States  in  which  men  are  employed  9  or  10  hours  per  day,  the  time 
element  has  been  taken  into  consideration,  and  tables  compiled  on 
this  basis  for  comparison  with  other  States.  The  fatality  rate  for  the 
10-year  period  1903-1913  (Table  40),  based  on  the  actual  number  of 
men  employed,  is  1.30  per  1,000,  and  on  the  number  of  2,000-hour 
workers  is  1.70.  During  the  10-year  period  the  men  averaged  1,539 
hours  per  year  as  compared  with  2,463  hours  in  New  Mexico,  2,132 
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NTTICBEB  OF  HOURS  TO  THE  WORKINO-DAY,  BY  YEARS.  IN  AND  ABOUT  THE  COAL 

MINES  IN  MSSSOUBI^ 


Ymt. 


19M.. 

1905.. 

1906.. 

1907.. 

1908.. 

1900». 

1910.. 

1911.. 

1912.. 

1913.. 


S-bggrdAy. 


Number 
ofmJzuB. 


191 
108 
104 
134 
149 
140 


166 
198 
173 
179 


Mfllieilh 

ployed. 


9,119 
9,686 
8,096 
8,645 
8,079 
8,464 


9,027 

9,523 

9,130 

10,300 


0>boardAy. 


Number 
otrntnes. 


8 
10 
6 
6 
6 
10 


10 
8 
5 

4 


Men  em- 
ployed. 


61 
73 
70 
68 
54 
88 


10-bour  day. 


Number 
of  mines. 


7 
8 

4 
6 


If  en  em- 
ployed. 


62 
65 
25 
80 


I 


100 
84 

72 
79 


17 


8 


17 


Menem* 

than  8,0, 
or  10 
hours 
per  day. 


822 
814 
771 
774 
815 
441 


547 


476 
130 


Total 
number 
of  men 

em- 
ployed. 


9,544 

10,187 
8,9lt 
9,557 
8,448 
8,988 
9,188' 
9,691 
9,607 
9,704 

10,418 


•  Compiled  from  ammal  vohunee  of  Mineral  Resouraes,  U.  S.  Oeol.  Surrey.         &  Cwsiu  year. 


NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  BflSSOURI  AND 
THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2,000-HOUR  WORKERS. 


Year. 


1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 


Days 
worlced. 


215 
206 
194 
185 
214 
169 


Total  hours 
per  day 
(all  em- 
ployees). 


76,820 
81,612 
72,587 
77,448 
67,053 
72,428 


Total  hours 
per  year. 


16,518,235 
16,812,072 
14,081,878 
14,327,880 
14,541,042 
12,240,332 


Number 
or  2,000- 
hour 
workers. 


8,250 
8,406 
7,041 
7,164 
7,271 
6,120 


Fatalittes. 


TotaL 


17 
11 
11 
16 
8 
10 


1,000 
8,000- 

honr 
wotrken. 


8.08 
1.81 
1.56 
8.88 

1.10 
1.63 


154 
183 
206 
187 


78,200 
76,040 
78,214 
88,562 


12,044,186 
14,003,080 
16,112,084 
15,626,004 


6,022 
7,002 
8,056 
7,813 


14 

8 
10 
10 


8. 

1. 
8. 

1. 


14 


in  West  Virginia,  and  1,704  in  Iowa.  Table  41  shows  the  fatality 
rate  for  each  year  on  the  2,000-hour  basis  for  each  State,  so  that  a  true 
comparison  of  Missouri  with  other  States  may  be  easily  made.  The 
tables  of  statistics  for  the  State  of  Missouri  follow: 


STATISTICS  OF  STRIKES  AND   LOCKOUTS  IN   AND  ABOUT   THE  COAL    MINES    IN 

MISSOURLa 


Year. 


1800 
1900 
1901 
1903 
1908 
1904 
1906 
1906. 


Number 

Total 

of  men 

days 

afleoied. 

lost. 

2'^!Z 

117,076 

632 

84,970 

1,0«2 

81,318 

1,864 

61,273 

1,306 

13,802 

*'?if 

^'2H 

485 

6,788 

6,212 

483,790 

Average 
number 
of  days 
lost  per 


53 
55 
30 
45 
11 
14 
16 
78 


Year. 


1007 
1008 
1009 
1010 
1011 
1012 
1013 
1914 


Number 

of  men 

afleoted. 


777 

6,380 

957 

7,774 

504 

962 

918 

1,162 


Total 
days 
lost. 


8,222 
355,138 
6,503 
1,218,500 
24,216 
55,022 
31,251 
56,536 


Average 
number 
of  days 
lost  per 
man. 


U 
56 

7 
157 
48 
58 
34 
40 


•  Compiled  fh>m  annual  volumes  of  Biineral  Resouroes,  U.  S.  Oeol.  Survey. 
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MONTANA. 

ABBA  AND  DI8TBZBXTTI0K  OF  GOAL  VIBIiDS. 

The  coal  fields  of  Montana  are  widely  distributed  over  the  eastern 
two-thirds  of  the  State,  and  have  an  aggregate  area  of  about  39,000 
square  miles.  From  a  commercial  standpoint  there  are  only  three 
important  fields  in  the  State.  These  are,  according  to  production, 
as  follows:  (1)  Red  Lodge  field  in  Carbon  County,  (2)  Bull  Moun- 
tarn  field  in  Musselshell  Coimty,  and  (3)  the  Great  Falls  field  in  Cas- 
cade County. 

The  Red  Lodge  field  comprises  an  area  of  about  50  square  miles, 
but  the  number  and  thickness  of  the  beds  compensate  in  large  meas- 
ure for  the  small  size  of  the  field.  The  beds  dip  to  the  southwest 
toward  the  Beartooth  Mountain,  from  which  they  are  separated  by 
a  |;reat  fault. 

The  Bull  Mountain  field  has  a  known  productive  area  of  630  square 
miles,  being  a  great  synclinal  basin  lying  mainly  between  Yellowstone 
and  Musselshell  rivers.  This  field  has  developed  since  the  building  of 
the  Chicago,  Milwaukee  &  St.  Paul  Railway  in  1908. 

The  Great  Falls  coal  field,  which  contains  about  1,500  square  miles, 
is  south  and  east  of  the  town  of  Great  Falls.  This  field  is  one  of  the 
first  to  be  developed  in  the  State,  but  owing  to  the  heavy  percentage 
of  ash  the  coal  can  hardly  compete  with  that  from  Red  Lodge  and 
Bull  Mountain. 

The  Milk  River  field,  in  the  northern  part  of  the  State,  as  Well  as 
the  great  lignite  fields  in  the  eastern  part,  cover  large  areas,  but  are 
only  slightly  developed. 

OHABACTBB  OF  GOAL  BBD8. 

The  coal  beds  of  the  Red  Lodge  field  vary  from  3  to  12  feet  in 
thickness;  the  coal  is  highrgrade  subbituminous,  slacks  readily,  and  for 
this  reason  pillars  will  soon  crush  when  left  standing,  and  thus  allow 
the  roof  to  faU.  The  coal  about  Bridger,  a  little  to  the  northeast  of 
Red  Lodge,  is  bituminous,  but  only  a  little  of  this  coal  is  mined  at 
present. 

Li  the  Bull  Mountain  field  the  coal  beds  occupy  a  synclinal  trough. 
There  are  10  to  16  feet  of  clean  coal;  the  dip  does  not  exceed  6^. 
The  mines  are.  opened  by  shafts  ranging  from  137  to  350  feet  deep. 
The  quality  of  the  ooal  is  about  the  same  as  that  mined  in  the  Red 
Lodge  field. 

Li  the  Great  Falls  field  the  beds  are  3  to  7^  feet  thick,  with  a 
slight  dip  to  the  north.  At  Sand  Coulee,  the  principal  mining  cen- 
ter of  this  field,  the  beds  are  flat  and  about  10  feet  thick.  The  coal 
is  bituminous  and  intrinsically  of  higher  grade  than  from  either  of 

14355**— BuU.  115—16 16 
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the  fields  so  far  described,  but  the  heavy  percentage  of  ash  detracts 
greatly  from  its  commercial  value,  and  the  field,  which  up  to  1907 
held  first  place  in  the  State's  production,  has  now  dropped  to  third 
place. 

In  the  Milk  River  field  the  roof  in  most  cases  is  a  soft  sandstone 
or  carbonaceous  shale,  making  it  necessary  to  leave  considerable  coal 
to  keep  the  entries  from  caving  in.  Extensive  timbering  will  be 
necessary  wh^i  mining  is  done  on  a  large  scale. 

UNINa  METHODS. 

The  mines  at  Chestnut,  Gallatin  County,  are  the  oldest  in  the 
State,  having  been  opened  in  1867,  and  coal  hauled  from  them  long 
distances  by  teams.  The  records  show  that  the  production  of  coal  in 
Montana  began  in  1880,  when  224  tons  were  reported  as  mined.  In 
1913  the  production  was  3,240,973  tons,  of  which  Carbon  County 
mined  1,187,270  tons.  The  mines  are  opened  by  drift,  slope,  and 
shaft,  and  are  mined  by  the  room-and-pillar  and  pillar-and-stall 
systems.  At  Stockett  the  roof  is  sandstone,  and  the  coal  is  mined 
by  machines.  Machines  are  also  extensively  \ised  at  Belt.  In  1896 
there  were  62  mining  machines  in  use  in  the  State,  which  produced 
37.5  per  cent  of  the  coal;  in  1913  there  were  97  machines,  producing 
33.2  per  cent  of  the  coal,  whereas  35  per  cent  was  shot  off  the  solid, 
and  31  per  cent  was  reported  as  being  mined  by  hand. 

BSPOBTABUB    ACOIDEMTS   AND   OBGANIZATION   OF  INSPECTION 

SBBVICB. 

The  first  mine-inspection  law  of  Montana  was  approved  March  14, 
1889,  and  provided  for  the  inspection  of  all  mines  where  5  or  more 
men  were  employed,  except  mines  operated  only  by  the  owners  or 
lessees.  The  inspector  was  authorized  to  employ  an  assistant  to 
act  in  cases  of  emergency,  as  in  cases  of  accidents,  or  in  the  absence  of 
the  inspector.  The  assistant's  salary  was  on  a  per  diem  basis  and 
his  employment  was  limited  to  100  days  a  year.  Mine  operators 
were  required  to  report  to  the  inspector  or  his  deputy  all  fatal  and 
serious  accidents  in  and  about  the  mines.  The  inspector  was  re- 
quired, whenever  possible,  to  go  to  the  scene  of  the  accident  and 
investigate  the  cause  thereof;  and  if  it  was  not  possible  for  the  inspec- 
tor to  visit  the  mine,  the  person  in  charge  was  required  to  obtain 
written  and  sworn  statements  from  persons  who  had  witnessed  the 
accident.  The  inspector  rendered  annual  reports  to  the  governor  and 
enumerated  therein  all  accidents  of  which  he  had  received  notice. 

On  March  4,  1897,  an  act  was  approved  directing  the  deputy  in- 
spector to  devote  his  entire  time  to  his  official  duties.  On  March  18, 
1901,  an  act  relating  exclusively  to  coal  mines  was  approved,  and 
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the  governor  was  authorized  to  appoint  a  coal-mine  inspector.  An 
act  approved  March  4,  1913,  created  a  department  of  labor  and 
industry,  consisting  of  a  commissioner,  boiler  inspector,  inspector  of 
mines,  and  coal-mine  inspector,  and  directed  that  the  annual  reports 
of  these  inspectors  should  be  combined  in  one  volmne  and  published 
biennially.  The  authority  to  appoint  the  deputy  inspector  was 
transferred  from  the  coal-mine  inspector  to  the  governor  by  an  act 
approved  March  31,  1913. 

Mine  operators  in  Montana  report  to  the  inspector  only  those  acci- 
dents causing  at  least  14  days'  disabihty,  and  these  are  published  in 
the  inspector's  annual  reports.  Accidents  causing  disabihty  for  less 
than  14  days  are  not  considered  serious. 


ACCIDENTS. 

Tables  111  and  112  show  the  number  of  fatalities  in  and  about  the 
coal  mines  in  Montana,  classified  by  causes  and  calendar  years  since 
1889,  as  compiled  from  the  State  mine  inspector's  reports.  The  years 
1896  and  1899  are  left  blank,  as  reports  for  these  years  were  not 
available.  Continuous  records  for  1900  to  1913,  inclusive,  show 
that  159  men  were  killed  in  and  about  (the  coal  mines  in  Montana, 

FATALITIES  IN  MONTANA  COAL  MINES,  BY  PRINCIPAL  CAUSES,  DURINO  THE  YEARS 

1900  TO  1913«  INCLUSIVE. 


OttDse  Of  accident. 


UndvKronnd: 

Fall  of  not  and  pillar  (ooal,  rock,  etc.) . 

Mine  can  and  loeomoUves 

Gas  and  dust  explosions 

ExpluslvcB 

IClscaUaneousv 

Shalt 

Sorfoce 


Total,  14  yean. 


Number  kiUed. 


Total. 


88 
33 


11 

27 

1 

0 


150 


Per  cent. 


55.34 
14.47 


6.03 

16.08 

.63 

5.66 


100.00 


Per  1,000 

enir 
ployed. 


3.15 
.56 


.37 
.66 
.03 
.33 


3.80 


COAL-MINE  ACCIDENTS  IN  MONTANA  IN  WHICH  5  OR  MORE  MEN  WERE  KILLED 


Date. 

Name  of  mine. 

Location  of  mine. 

Nature  of  accident. 

Number 
killed. 

1906   June7 

Red  Lodge. 

RedLodgA. 

Mine  fire 

8 

1908   Nov.  20 

do, 

do 

do 

9 

representing  a  fatality  rate  of  3.89  per  1,000  men  employed.  Of  this 
number  55.34  per  cent  were  killed  by  falls  of  roof  and  pillar  coal  and 
14.47  by  mine  cars  and  locomotives.  Montana  has  been  free  from 
disasters  due  to  gas  and  dust  explosions.  The  production  per  fatal- 
ity was  186,276,  or  there  were  5.37  fatalities  per  million  tons  of  coal 
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mined^    There  have  been  two  mme  &e9,  in  which  17  men  were 
killed. 

The  S-hour  day  prevails  in  Montana  and  the  time  element  is, 
therefore,  taken  into  consideration  for  comparison  with  other  S-hour 
and  with  lO-honr  States  (Table  40).  The  total  number  of  hours 
worked  per  year  is  1,930,  as  compared  with  2,447  for  Virginia  or 

NUMBER  OP  HOURS  TO  THE  WORKINO  DAY,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  M01irrANA.a 


Year. 


1903.. 
1904.. 
1903.. 
1906.. 
1907.. 
1908.. 
1900  c. 

1910.. 
1911.. 
1912.. 
1913.. 


8-bour  day. 

9-hour  day. 

10-hour  day. 

Menem- 

than  8, 9, 
or  10 
hours 

per  day. 

Number 
of  mines. 

Men  em- 
ployed. 

Number 
of  mines. 

Men  em- 
ployed. 

Number 
of  mines. 

Men  em- 
ployed. 

13 
19 
23 
28 
29 
36 

449 

646 

61,707 

»2,203 

2,732 

2,903 

5 
8 

1,635 
1,653 

1 
4 
2 

3 

12 

6 

68 
194- 
468 
106 

•l 

1 
1 

85 
3 
2 

241 

44 
44 

39 
40 

3,568 
3,862 
3,435 
3,416 

1 

6 

963 
2 

1 

5 

1 

4 

210 

Total 
aunber 
of 


em- 
ployed. 


I,1U 
1,506 

1,181 
l,SM 
l,7SS 
S,146 
4,635 
S,8S7 
8,8M 
S,440 


a  Compiled  fh>m  annual  volumes  of  Mineral  Resources,  U.  8.  Geol.  Survey. 
6  Including  day  men  who  work  10  hours, 
c  Census  year. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  MONTANA  AND 
THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2,000-HOUR  WORKERS. 


Year. 


1903.. 
1904.. 
1905.. 
1906.. 
1907.. 
1908.. 
1909.. 
1910.. 
1911.. 
1912. . 
1913.. 


Days 
worked. 


254 
243 
243 
243 
268 
224 


Total  hours 
per  day 
(all  em- 
ployees). 


18,949 
21,911 
17,928 
19,343 
21,883 
25,411 


Total  hours 
per  year. 


4,813,046 
5,324,373 
4,356,504 
4,700,349 
5,864,644 
5,602,064 


Number 
of  2,000- 

hoar 
workers. 


2,407 
2,662 
2,178 
2,350 
2,932 
2,846 


Fatalities. 


ToUl. 


5 

9 

8 

13 

13 

21 


U 
2,000- 

hour 
worken. 


1.06 
S.38 
S.I7 
K.U 
4.43 
7. 38 


239 
220 
220 
228 


30,971 
30,914 
27,530 
29,254 


7,402,060 
6,801,080 
6,056,600 
6,660,912 


3,701 
3,401 
3,028 
3.335 


12 

14 

7 

20 


S.94 
4.U 
I.  SI 

6.00 


2,255  for  Alabama.  The  total  number  of  hours  of  labor  performed 
has  been  converted  to  a  2,000-hour  basis  and  fatality  rates  shown  in 
Table  41,  for  comparison  with  other  States.  The  fatality  rate  on 
the  actual  number  of  men  employed  during  the  10-year  period  1903 
to  1913  (except  1909)  is  4.08,  as  compared  with  4.23  fatalities  per 
1,000  on  the  basis  of  2,000-hour  workers.  The  tables  of  statistics 
for  the  State  of  Montana  follow: 
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STATISTICS  OF  STRIKES  AND  LOCKOUTS  IN  AND  ABOUT  THE  COAL  MINES  IN 

MONTANA.a 


lag., 
isoo.. 
ifln.. 

19Q2.. 
1903.. 
1904.. 
1905.. 
1900.. 


Number 

of  men 

affected. 


9S0 

40 

286 

680 


793 
200 
2J0 


Total 
days 
lost. 


33,800 
1,040 

14,175 
7,636 


87,140 

36,000 

7.0M 


Avenge 
number 
of  days 
lost  per 
man. 


52 
41 
49 
11 


47 

180 

31 


Year. 


1907 
1908 
1900 
1910 
1911 
1912 
1913 
1914 


Number 

Total 

of  men 

days 

affected. 

lost. 

30 

600 

566 

9,301 

110 

1,110 

345 

88.360 

539 

8,114 

869 

8,445 

1,094 

6,683 

171 

1,371 

Ayerage 
number 
of  days 
lost  per 
man. 


20 

17 

10 

HI 

15 

10 

6 

7 


a  Compiled  from  anneal  TOlumes  of  Mineral  Resources,  U.  8.  Geol.  Survey. 
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NEW  MEXICO. 
ABBA  AND  DI8TBIBX7TION  OF  COAL  FIBU>S. 

The  coal  fields  of  New  Mexico  comprise  about  13,000  square  miles 
but  most  of  this  large  area  is  undeveloped  and  the  producing  dis- 
tricts are  small  and  widely  scattered. 

The  most  important  field,  both  as  regards  quality  of  coal  and 
amount  produced,  is  the  Raton  field,  which  is  the  southward  con- 
tinuation of  the  Trinidad  field  of  Colorado.  It  extends  about  40 
miles  south  of  the  State  line  to  the  Cimarron  River,  and  from  the 
base  of  the  Rocky  Mountain  Range  eastward  about  50  miles.  Its 
area  is  about  960  square  miles. 

The  largest  area  is  the  San  Juan  River  region  in  the  northwestern 
comer  of  the  State.  Its  area  is  about  10,000  square  miles,  but  only 
two  small  districts  in  this  great  field  are  developed  at  present. 
These  are  Gallup,  on  the  Santa  Fe  Railroad,  at  the  southern  end  of 
the  field,  and  Monero,  or  Lumberton,  at  the  north  end.  The  coal  at 
Gallup  is  subbituminous,  and  at  Monero  bituminous.  The  Los  Cer- 
rillos  field,  in  the  central  part  of  Santa  Fe  County,  contains  about  35 
square  miles,  and  is  noteworthy  as  the  only  western  field  outside  of 
Colorado  that  is  producing  anthracite.  Operations  in  the  White 
Oaks  field  of  Lincoln  County  are  small,  and  the  production  is  limited 
to  local  constmiption.  Mining  on  a  small  scale  is  also  carried  on  at 
Carthage,  in  Socorro  County,  in  a  small  isolated  field  containing 
bituminous  coking  coal. 

CHABACTBB  OF  COAL  BEDS. 

Practically  all  of  the  coal  mined  in  the  Raton  field  comes  from  a 
few  laj^e  mines  working  the  lowest  bed  of  coal.  This  bed  varies 
from  4  to  12  feet  thick.  There  are  at  least  four  other  coal  beds  thick 
enough  to  be  of  economic  importance,  although  comparatively  little 
development  has  been  done  on  them.  The  second  bed  from  the  bot- 
tom, blown  as  the  Sugarite  coal,  has  been  opened  east  of  Raton  at 
the  Sugarite  mine,  and  the  third  bed  has  been  developed  to  some 
extent  at  Yankee,  and  is  believed  by  some  to  be  the  same  as  the 
coal  bed  opened  at  Brilliant,  which  is  situated  in  Dillon  Canyon, 
northwest  of  Raton.  No  producing  mines  have  been  opened  on  the 
higher  coal  beds.  The  coal  beds  in  the  Raton  field  lie  nearly  flat, 
and  mining  is  not  particularly  dangerous,  except  for  gas  in  some  of 
the  mines. 

In  the  Gallup  district  the  coal  beds,  as  a  rule,  lie  nearly  flat,  except 
on  the  rim  of  the  basin,  3  miles  east  of  Gallup,  where  they  sharply 
upturn.  There  are  five  coal  beds  in  this  district,  ranging  in  thick- 
ness from  2^  to  7  feet. 
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The  coal  beds  of  the  Los  Cerrillos  field  dip  about  18°  east.  There 
are  three  important  beds,  yaryisg  in  thickness  from  2^  to  7  feet 
with  the  higher  grade  of  coal  in  the  northern  part  of  the  field.  The 
northern  part  also  contains  some  anthracite  coal  which  has  been 
produced  by  an  intrusion  of  igneous  rock,  and  which  gradually 
merges  into  coking  and  semicoking  coals  to  the  south. 

The  only  other  field  in  which  active  mining  is  carried  on  is  a  few 
miles  east  of  Socorro.  This  field  contains  coking  coal,  but  the  beds 
are  so  broken  by  faults  and  covered  by  recent  material  washed 
in  from  the  surrounding  higher  land  that  mining  is  expensive  and 
uncertain. 

Hmma  mbthods. 

The  records  of  coal  production  in  New  Mexico  extend  back  to 
1882,  during  which  year  157,092  tons  of  coal  were  produced.  The 
production  has  gradually  increased  until  in  1913  the  total  amount 
was  3,708,806  tons.  In  1898  the  29  mining  machines  in  use  pro- 
duced 16.5  per  cent  of  all  the'coal  mined.  During  1905  and  1906 
there  were  no  mining  machines  in  operation,  but  in  1907  three 
machines  were  introduced,  and  the  number  has  gradually  increased 
until  in  1914  45  machines  produced  16  per  cent  of  the  coal.  In  1911 
31.2  per  cent  of  the  coal  was  shot  off  the  solid,  but  with  the  increase 
in  the  amount  of  machine-mined  coal  the  amoimt  shot  off  the  sohd 
was  reduced  to  17.6  per  cent  in  1913.  From  65  per  cent  to  75  per 
cent  of  the  coal  is  mined  by  hand. 

The  coal  mines  of  New  Mexico  are  operated  on  single  and  double 
entry  systems  through  slopes  and  drifts.  One  large  company  oper- 
ates a  triple-entry  system.  Coal  is  mined  by  the  room-and-pillar 
method.  In  1913  there  were  three  longwall  mines  and  three  panel- 
system  mines.  Many  of  the  mines  are  very  dry,  and  humidifiers 
have  been  installed.  Shot  firers  are  employed.  Mule,  horse,  and 
electric  haulage  are  in  use.  The  following  extracts^  are  from  the 
State  mine  inspector's  report  for  1910. 

The  Tocco  mine,  near  Albuquerque,  has  the  distinction  of  operating  the  thinnest 
coal  seam  developed  in  New  Mexico,  one  of  the  thinnest  worked  in  the  United  States, 
and  one  that  ranks  also  with  the  thinnest  mined  in  Europe.  The  seam  is  from  12  to 
15  inches  thick,  with  1  to  3  inches  of  bony  coal  at  the  top,  leaving  10  to  13  inches  of 
clean  coal  to  be  mined.  A  slope  has  been  sunk  355  feet,  with  an  average  dip  of  25^, 
and  cross  entries  have  been  driven  about  30  feet  apart.  The  props  used  are  from  10 
to  13^  inches  long.  The  coal  is  bituminous,  free  from  sulphur,  and  is  a  good  black- 
smith's coal.  The  product  of  the  mine  is  hauled  to  Albuquerque,  N.  Mex.,  where  it 
is  sold  for  blacksmlthing  purposes  at  from  |9  to  $12  per  ton  of  2,000  pounds. 

The  mines  at  Dawson  are  worked  as  follows: 

Triple  main  entry;  double-cross  entry;  room-and-pillar,  robbing  on  retreat.  AU 
main  drift  entries  are  10  feet  wide  by  6  feet  high;  main  cross  entries,  8  feet  by  6  feet. 

a  state  mine  Inapector's  report,  1910,  pp.  17^  20. 
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OroBB  entrieB  off  cross  entries  are  8  feet  wide  by  5  feet  6  inches  higb;  main  air  courses 
are  10  feet  by  6  feet  and  other  air  courses  8  feet  wide  by  6  feet.  All  workings  are  sub- 
stantially timbered  and  haulage  ways  and  traveling  roads  are  lighted  by  electricity. 
Main  entry  pillars  are  from  100  to  300  feet  thick;  main  cross  entry  pillars,  50  to  100 
feet.  ATerage  length  of  rooms,  350  feet;  room  centers,  60  feet;  width  of  rooms,  20 
feet;  size  of  room  piUazB,  40  feet.  Hie  mines  are  ventilated  by  exhaust  fans  on  the 
surfiace.    Shots  are  fired  by  electricity  after  all  persons  are  out  of  the  mine. 

BBPOBTABUI   AOdBSlTrS  AND   OBQANIZATION  OF  DTSPBOTION 

SEBVIOE. 

By  an  act  of  Congress  approved  March  3,  1891,  official  inspection 
of  coal  mines  was  authorized  in  all  Territories  where  the  aggregate 
annual  production  of  such  mines  exceeded  l^OOO  tons.  The  appoint- 
ment of  the  inspector  was  vested  in  the  President  of  the  United 
States.  Under  the  provisions  of  this  law,  the  first  mine  inspector 
for  the  Territory  of  New  Mexico  was  appointed  July  1,  1892,  and 
entered  upon  duty  August  30,  1892.  Section  15  of  the  act  provided 
that  a  full  and  mitten  report  of  all  fatal  accidents  should  be  made 
to  the  mine  inspector  within  10  days  after  such  death  shall  have 
occurred.  Annual  reports  for  fiscal  years  ending  June  30  were  ren- 
dered to  the  Secretary  of  the  Interior.  New  Mexico  was  admitted  to 
the  Union  on  January  6,  1912,  and  the  former  Territorial  mine  in- 
spector was  continued  in  office.  The  office  of  State  mine  inspector 
was  created  by  an  act  approved  June  13,  1912,  and  the  first  State 
inspector  was  appointed  September  20, 1912.  The  State  law  requires 
mine  operators  to  keep  a  record  of  all  accidents  at  their  mines,  to 
which  record  the  inspector  shall  have  access,  and  to  at  once  report  to 
the  inspector  by  telegraph  or  telephone  all  accidents  resulting  in 
death,  such  immediate  report  to  be  followed,  within  10  days,  by  a 
full  and  complete  written  report  of  the  accident.  It  was  made  the 
inspector's  duty  to  proceed  without  delay  to  any  mine  within  the 
State  upon  receipt  of  notice  of  any  explosion  or  pther  accident  result- 
ing fatally  or  jeopardizing  the  lives  of  the  men  working  in  such 
mine.  Annual  reports  are  rendered  to  the  governor  for  years  ending 
November  30, 

According  to  the  State  inspector,  the  number  of  nonfatal  accidents 
published  in  his  annual  report  is  not  complete,  as  the  reporting  of 
such  accidents  is  not  made  compulsory  by  law,  and  some  operators 
do  not  report  all  injuries  at  their  mines. 

In  1915  the  State  inspector  had  no  clerical  or  other  assistants. 

AOGEDBNTB. 

Tables  113  and  114  show  by  causes  and  calendar  years  the  total 
number  of  fatalities  in  and  about  the  mines  of  New  Mexico,  since  the 
beginning  of  inspection  service  in  1893  to  the  end  of  1913,  as  com- 
piled from  the  territorial  and  State  mine  inspectors'  reports.    The 
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21-year  period  from  1893  to  1913  shows  568  fatalities,  of  which  56.51 
per  cent  was  due  to  gas  and  dust  explosions,  28.17  per  cent  to  falls 
of  roof  and  pillar  coal^  and  7.57  per  cent  to  mine  cars  and  locomotives. 
The  fatality  rate  for  New  Mexico  is  exceedingly  high  by  reason  of 
the  disaster  at  Dawson,  in  which  263  men  were  killed  at  one  time. 

FATALITIES  IN  NEW  IIBXICO  COAL  lONES,  BY  PRINCIPAL  CAUSES,  DURINO  THE 

YEARS  1898  TO  1913,  INCLUSIVE. 


OBuseofftocldent. 


Number  killed. 


Total. 


Percent 


Perl^ 

em- 
ployed. 


Undenromid: 

Fall  of  roof  and  pillar  (ooal,  zoek,  etc.) 

Mine  can  and  looomotivee 

Oas  and  dust  escploskms 

Explosives 

liiisoeUaneous 

Shaft 

Soifaoe 

Total,  21  years 


160 

43 

821 

24 

16 

0 

4 


28.17 
7.67 

66.61 
4.23 
2.82 


8.22 
.87 

6.46 
.48 
.32 


.70 


.06 


668 


100.00 


11.48 


COAL-MINE  ACCIDENTS  IN  NEW  MEXICO  IN  WHICH  5  OR  MORE  MEN  WERE  KILLED. 


Date. 

Name  of  mine. 

Location  of  mine. 

Nature  of  accident. 

Number 
killed. 

1896   Feb.27 

White  Ash 

Cerrillos 

Mine  explosion 

do 

24 

189»   Apr.21 

1903   JmielO 

Cook  and  White 

Blossburg  No.  3 

Madrid 

6 

Blossbm^ J do 

5 

1906   Oot.6 

do 

do 

10 

1907   Dec.  31 

Bflrnal 

Ovthwre. .  . . .  T . . 

do 

11 

1913   Oct.22 

Stag  Oanon  No.  2 

Dawson 

do 

263 

The  fatality  rate  during  this  period  is  1 1 .43  per  1,000  men  employed. 
By  referring  to  Table  40  it  will  be  noted  that  the  fatality  rate  for 
common  accidents — that  is,  those  in  which  less  than  5  men  were 
killed  at  one  time — ^based  on  the  actual  number  of  employees  is  4.84 
per  1,000  men,  for  the  10-year  period  1903  to  1913,  inclusive,  except- 
ing 1909.  The  number  of  fatalities  due  to  exceptional  accidents — 
that  is,  those  in  which  5  or  more  men  were  killed  at  one  time — ^is  9.70 
for  the  same  10  years.  The  fatality  rate  due  to  common  accidents  is 
a  little  higher  than  in  a  number  of  other  States.  The  one  disaster  at 
Dawson  overshadows  all  others  and  for  this  reason  the  total  rate  is 
exceedingly  high.  Table  40  also  shows  that  the  number  of  hours 
worked  per  year  per  man  is  2,463,  as  compared  with  1,495  for  Ohio 
and  2,034  for  the  bituminous  mines  of  Pennsylvania.  By  reducing 
the  fatality  rate  of  common  accidents  to  the  basis  of  2,000-hour 
workers,  the  rate  becomes  3.93  as  compared  with  3.84  for  Ohio  and 
2.82  for  the  bituminous  mines  of  Pennsylvania. 
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NUMBER  OF  HOX7B8  TO  THE  WORKING  DAY,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  NEW  BfEZlCO^s 


Year. 


1908.. 
1904.. 
1906.. 
1906.. 
1907.. 
190B.. 
1909«. 
1910.. 
1911.. 
1912.. 
1913.. 


S^ioarday. 


Number 
ofndiiM. 


7 
6 

4 
8 
8 
5 


'I 


6 

2 

2 

16 


Men  mi" 
ployed. 


99 

78 
83 

78 
79 
80 


21 

5 

4 

2,335 


O-hoorday. 


NumtMr 
ofminee. 


1 
1 
6 
2 

4 
6 


5 
6 
6 
8 


Men  em- 
ployed. 


8 

81 

92 

24 

287 

356 


185 
167 
140 
401 


lO^hour  day. 


NumtMr 
of  mines. 


13 
16 
12 
16 
14 
14 


16 
22 

10 


Menem^ 
ployed. 


1,809 
1,680 
1,923 
1,856 
2;584 
3,015 


8,345 
3,516 
3,777 
1,590 


Men  em- 
ployed 
other 

than  8. 9, 
orlo 
hours 

per  day. 


378 
60 
10 

112 
20 
47 


34 

12 

7 

3 


Total 
number 
of; 


ployed. 


1/ 

1,1 
8;i08 

2  070 

2970 

3,448 

3,S17 

3,586 

3,700 

3M8 

4,889 


a  Compiled  ttom  amiual  volumes  of  Mfnenl  Reaouroes,  U.  8.  OeoL  Survey.        6  Census  year. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  NEW  BIBXICO 
AND  THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2«000-HOUR  WORKERS. 


1904.. 

1905. 

1906.. 

1907., 

1906.. 

1909.. 


Days 
worked. 


260 
228 
234 
242 
269 
197 


Total  boors 

per  day. 

(alleuH 

ployees). 


17,311 
18,243 
20,812 
20,408 
29,235 
34,017 


Total  boors 
per  year. 


4,500,860 
4,150,404 
4,870,006 
4,938,736 
7,864,215 
6,701,340 


Number 
of  2,000- 

bour 
workers. 


2,251 
2,080 
2,435 
2,469 
8,982 
3,351 


Fatalities. 


Total 


22 
8 
7 
23 
34 
24 


1,009 
8,000- 

honr 


9.77 
3.81 
8.87 
9.88 
8.81 
7.18 


1910.... 
19U.... 
191».... 
1918.... 


283 
230 
274 
289 


85,589 
86,811 
89,125 
88,216 


10,071,687 

8,466,530 

10,720,260 

11,044,424 


5,036 
4,238 
5,360 
5,522 


16 

11 

16 

272 


3.18 
8.60 
8.99 


From  1903  to  the  close  of  1912  practically  all  of  the  men  m  the 
mmes  of  New  Mexico  were  employed  pn  a  10-hour  basis,  but  in  1913 
the  majority  of  the  men  were  employed  8  hours  a  day.  Table  41 
shows  the  fatality  rates  on  the  2,000-hour  basis  for  a  period  of  years, 
so  that  a  comparison  with  other  States  may  be  easily  made.  The 
tables  of  statistics  for  the  State  of  New  Mexico  follow: 

STATISTICS  OF  STRIKES  AND  LOCKOUTS  IN  AND  ABOUT  THE  COAL  MINES  IN  NBW 

MBXICO.a 


Year. 


1900. 
1901. 
1908. 
1908. 


Number 

of  men 

afleoted* 


766 

470 

54 


Total 
days 
lost. 


82,940 

9,880 

710 


Avenge 
number 
of  days 
lost  per 
man. 


48 
21 

13 


Year. 


1904 
1905*toi012' 

1913 

1914 


Number 

of  men 

afleoted. 


566 


8 


Total 
days 
lost. 


78,090 


ATeraes 
number 
of  days 
lost  per 


181 

iso 


•  Compiled  from  annual  volumes  of  Mineral  Resouroes,  U.  S.  Geol.  Survey. 
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NOmXH  CAEOUNA. 

ABBA  AND  DISTBIBimON  OF  COAL  FIBU>S. 

The  coal-bearing  formations  of  North  Carolina  are  contained  in 
the  Deep  River  and  the  Dan  River  fields  and  are  of  Triassic  age. 
The  Deep  River  field  extends  from  the  northern  bomidary  in  a 
southwesterly  direction  through  Durham,  Haywood,  and  Wades- 
boro,  entirely  across  the  State  and  a  short  distance  into  South 
Carolina.  The  field  averages  about  12  miles  wide  and  contains 
250  to  300  square  miles.  The  Deep  River  coal  is  bituminous  and 
in  some  places  has  been  more  or  less  coked  by  igneous  intrusions. 

OHABACTBB  OF  COAL  BBDS. 

The  coal  beds  dip  about  15^  southeast  and  vary  from  1  foot  to 
8  feet  in  thickness.  Mining  has  been  conducted  in  this  field  in  a  desul- 
tory way  since  the  early  sixties.  From  1860  to  1865  it  is  estimated 
that  about  65,000  tons  of  coal  was  produced.  One  of  the  most 
important  mines  worked  in  recent  years  is  the  Cumnock,  which  is 
opened  by  a  shaft  8  feet  by  12  feet  in  cross  section  and  460  feet 
deep.  This  mine  has  been  the  scene  of  two  serious  mine  explosions 
in  which  62  men  were  killed. 

The  Dan  River  field  consists  of  a  small  coal-bearing  area  in  the 
north-central  part  of  the  State  and  is  50  or  60  miles  northwest  of 
the  Deep  River  field.  The  Dan  River  field  extends  from  the 
Vii^ginifr-North  Carolina  line  in  a  southwesterly  direction  and  is 
about  30  miles  long  and  4  to  7  miles  wide.  The  coal  beds  are  2 
to  7  feet  thick  and  dip  about  34^..  A  small  amount  of  coal  was 
mined  from  this  field  during  the  Civil  War,  but  since  that  time 
little  mining  has  been  done  there. 

Tables  115  and  116  give  further  details  concerning  the  number 
of  men  employed,  coal  produced,  accidents,  etc.  These  tables  are 
meager  and  incomplete,  but  contain  all  the  data  available. 

BBPOBTABUI   ACCEDBNTB  AND   OBQANIZATION  OF  INSPBCTION 

SBBVICB. 

There  is  official  mine-inspection  service^  in  North  Carolina,  but 
as  the  State  is  not  a  regular  producer  of  coal,  the  occasional  out- 
put is  too  small  to  place  the  industry  on  a  commercial  scale.  The 
tables  of  statistics  for  this  State  follow. 

COAIrMINE  ACCIDENTS  IN  IfOBTH  CABOUHA  IN  WHICH  5  OR  MORE  MEN  WERE 

KILLED. 


Date. 

Name  of  mine. 

Location  of  mine. 

Nature  of  accident. 

Number 
Ulled. 

1805   Dec  19 

CninT»ock ,....,.. 

Cumuoclc 

Mine  explosion 

do... 

39 

1^09    MftT  29 

do 

do 

23 

a  RoTleed  Statutes,  1905,  sec  4940. 


14355'— BuU.  11&— 1< 
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11,495 
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17,734 

12.000 

23,000 

17,309 

7,000 

1,557 

200 
477,  US 

• 

1862-1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

IflOl 

1902 

1903 

1904 

1906 

1906 

1906 

1909 

1910 

1911 

1912 

Total 

o 
•e 


I 

I 


a 


a 
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NORTH  DAKOTA. 

ABBA  AND  DI8TBIBI7TION  OF  OOAIi  FIBI4D8. 

The  coal  beds  of  North  Dakota  are  lignitio,  and  occupy  aboujb  35|000 
square  miles,  or  practically  the  western  half  of  the  State.  Ninety- 
seven  townships  contain  at  least  one  bed  of  lignite  7  feet  thick,  and 
at  least  100  other  townships  contain  beds  4  to  7  feet  thick*  The 
lignite  beds  are  horizontal  and  occur  at  depths  ranging  from  near  the 
surface  to  a  depth  of  at  least  300  feet. 

MININa  MBTHODS. 

Lignite  has  been  mined  in  North  Dakota  by  ranchers  and  others 
since  the  territorial  days  of  the  State,  and  the  first  records  of  produc- 
tion were  obtained  in  1884,  when  35,000  tons  of  coal  was  mined. 

The  production  in  1913  was  495,322  tons. 

In  1911  there  were  practically  100  mines  in  operation,  20  of  which 
were  surface  and  80  underground  mines.  Of  the  underground 
mines,  69  were  opened  by  slope  or  drift  and  1 1  by  shaft.  The  mines 
are  opened  by  single  and  double  entry  and  the  coal  mined  by  the  room- 
and-pillar  method,  the  rooms  being  12  by  100  feet  to  22  by  300  feet; 
pillars  are  8  to  20  feet  wide.  The  length  of  entries  varies  from  100  to 
5,000  feet.  In  1911,  there  were  15  mines  with  entries  over  1,000  feet 
long.  The  largest  number  of  deep  mines  is  in  Ward  County,  where 
the  mines  vary  from  surface  pits  to  200  feet  in  depth;  21  mines  are 
over  100  feet  deep.  In  Adams  County  the  deepeest  mine  in  1911  was 
300  feet. 

Ventilation  is  usually  by  an  air  shaft  in  connection  with  slope^ 
drift,  or  entry. 

Mining  machines  have  been  in  use  in  a  limited  way  since  1896.  In 
1914  there  were  14  machines  in  operation,  producing  41.1  per  cent  of 
the  coal  mined.  Twenty-six  per  cent  was  shot  off  the  solid  and  6.3 
per  cent  was  mined  by  hand. 

BEPOBTABLB   ACOLDEITTS  AND  OBQANIZATION  OF  INSPECTION 

SEBVICB. 

Tho  State  engineer  of  North  Dakota  was  made  ex-offioio  State  coal- 
mine inspector  by  an  act  approved  March  14,  1907,  with  power  to 
employ  necessary  assistants.  The  engineer  renders  biennial  reports 
to  the  governor,  showing  the  condition  of  each  mine,  number  of  men 
employed,  and  such  other  information  as  he  deems  desirable. 

The  law  does  not  require  operators  to  notify  the  inspector  of  mine 
accidents,  but  the  inspector  has  requested  the  operators  to  report  all 
accidents,  however  slight.  All  accidents  thus  reported  are  published 
in  the  biennial  reports  of  the  inspector.  No  distinction  is  made 
between  serious  and  slight  injuries. 
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A0CIDBMT8. 

Tables  116  and  117  show  the  total  number  of  fatalities  in  and  about 
the  coal  mines  of  North  Dakota  from  1908  to  the  end  of  1913,  as  com- 
piled from  the  State  mine  inspectors'  reports.  During  the  6-yeaf 
period  1908  to  1913,  indusive,  there  were  13  fatalities,  of  which  46.16 


FATALITIES  IN  NOBTH  DAKOTA  COAL  MINES,  BY  PRINCIPAL  CAUSES.  DUBINO  THE 

YEARS  1908  TO  1913.  INCLUSIVE. 

NhmlMrkaied. 

CaiiMofaoeldcnt. 

TotaL 

Percent. 

Per  1,000 

em- 
ployed. 

Underground: 

Fwlo^  roof  and  T>l1lAr  f<mftl.ro«ik.4tc.).... 

• 
2 

M.16 
U.88 

1.44 

Min*  wrs  and  lowwoti'Vfls  

.48 

Oa8 and  dust fixnloslons 

ExdIosItcs 

8 
2 

38.06 
18.88 

.72 

iinw^lIfinM>n.i. . . - - -  -  - 

.48 

Shalt 

BurfBoe 

Total .  •  yean 

U 

loaoo 

8.12 

per  cent  were  due  to  falls  of  rock,  23.08  per  cent  to  explosives,  and 
15.38  per  cent  to  mine  cars  and  locomotives.  The  production  per 
fatality  during  this  period  was  203,020  tons,  or  there  were  4.93  fatali- 
ties per  million  tons  mined.  North  Dakota  has  been  fortunate  in 
that  there  have  been  no  serious  mine  disasters  in  that  State.  The 
fatality  rate  during  this  period  is  3.12  per  1,000  men  employed. 

Since  1903  practically  one-half  of  the  men  have  been  employed  on 
a  10-hour  basis.  By  referring  to  Table  40  it  will  be  noted  that 
during  this  period  the  men  averaged  1,974  hours  per  year.     During  the 

NUMBER  OF  HOURS  TO  THE  WORKING  DAY,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  NOBIS  DAKOTA^ 


Year. 


1903.. 

1904.. 

1905.. 

1900.. 

1907.. 

1908.. 

1900  6. 

1910.. 

1911.. 

1912.. 

1913.. 


8-boarday. 

9-hoiirday. 

Number 

Men  em- 

Number 

Men  em- 

of mines. 

ployed. 

of  mines 

ployed. 

6 

40 

8 

90 

8 

66 

11 

117 

8 

79 

80 

6 

47 

38 

11 

89 

119 

11 

108 

114 

11 

94 

76 

12 

m 

46 

12 

89 

61 

13 

61 

81 

lO-honr  day. 


Number 
of  mines. 


30 
20 
20 
20 
17 
14 


16 
34 
38 
34 


Men  emr 
ployed. 


363 
392 

874 


804 
378 


837 
438 
415 
473 


Menem- 

tban8,9, 
and  10 
boors 

per  day. 


•3 

79 

123 

80 

80 

189 


88 

176 

97 
57 


Total 
number 
of  mam 

Idofad. 


881 


710 
818 
641 


•  Compiled  from  annual  Tolnmes  of  MfaieralReBoimea,  U.S.  Geol.8mT«y. 
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NUMBER  OF  HOURS  WORKED  IK  AND  ABOUT  THE  COAL  MINES  IN  NOBTH  DAKOTA 
AND  THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  3,000-HOUR  WORKERS. 


U04. 

1906. 

1906. 

1907.. 

1908.. 

1909.. 

1910. 

1911.. 

1913. 

1913.. 


Dftys 
worked. 


198 
193 
187 
200 
323 
181 


Total  hoon 

per  day 

Callem- 

ployeeB). 


4,697 
6,313 
6,929 
4,668 
6,278 
6,861 


Total  boors 
per  year. 


910,206 
1,000,704 
1,108,723 

976,613 
1,176,879 
1,069,031 


Number 
of  3,000- 

b<mr 
workars. 


466 

601 
666 

488 
688 
630 


FataUtles. 


Total. 


1.009 
8,009- 

hovr 


7.66 


307 
329 
333 
331 


6,039 
7,148 
6,954 
6,180 


1,043,073 
1,636,893 
1,381,328 
1,366,780 


633 
818 
691 
683 


3 
1 


S.03 
Lll 


8.78 


5-year  period  1M8  to  1913  (exclusive  of  1909)  for  which  complete 
data  are  available,  the  fatality  rate  based  on  the  actual  number  of 
employees  is  4.08  as  compared  with  4.01  based  on  the  number  of 
2,00(>-hour  workers.  Table  41  shows  the  figures  on  the  2,000-hour 
basis  for  a  period  of  years  by  States,  so  that  a  comparison  with  other 
States  may  be  readily  made. 
The  tables  for  the  State  of  North  Dakota  follow: 


STATISTICS  OF  STRIKES  AND  LOCKOUTS  IN  AND  ABOUT  THE  COAL  MINES  IN  NOBTH 

DAKOTA^ 


Tear. 

Number 

of  men 

afleeted. 

Total 
days 
lost. 

Avenge 
number 
of  days 
loetper 
man. 

Year. 

Number 

otmfin 

afleeted. 

Total 
days 
lost. 

Average 
number 
of  days 
lost  per 

U09 

1907 

83 

104 

76 

736 

1,630 

636 

9 

1900 

1906 

16 

IQOl 

83 

8 

86 

176 

334 

8 

340 

6,300 

7 
1 

10 
36 

1909 

7 

1902 

1910 

1908 

1911 

34 
10 

69 
30 

3 

1904 

1913 

3 

1906 

1913 

1906 

87 

93 

3 

1914 

•  Compiled  from  amraal  votames  of  Mineral  Resouroes,  U.  S.  Oeol.  Survey. 


256     COAL-MINE  FATALITIES  IN  THE  UNITED  STATES,  1870-1914. 


n 


S 

CO 
g 


o     S 

li  I 

ftp    U 

B2  i 
§1  i 

^S    § 

•HO      O 

i»  11 

Wo    E* 

HQ    at 

o^  ^^S 

52:2 
OB    tf  8 

5z;oQ   af 

OW     |r- 

B        S3 

in 

Wo    ifi 

pi" 

Is  §1 


*80Ti|Ta  |o  jeqnznK 


I 

J5 


•WOX 


s 


JO  9XV  i«n>va 


•n«ii^qg 


*fp3A  9a(xx 


*)S89Jq  II|VtO 


•WJ 


? 


r 


to 

Pi 


*3ix;)jod9J)o^ 


•plios  BO  ?oti8 


*91I(q9B]l 


•pn«H 


m 


•i«p  J9  j 


'jeoXjdj 


*pe3[J0ii  B^va 


'(sno)  ^ioqs) 
q^wp    J9d    Tioi)onpai<£ 


% 


I 


'ponnnsno) 
OOO'OOO'l    J»d 


*poiCo{d 
-me  ooo'i  Md 


•WOX 


-peXoidnia  jaqnroK 


'onpn  %v  xiQ%  jod  etifBA 


'(6iio!|  yo^B)  i]OF(onpoi<{ 


S9 


1^  l^^l^     1-4^14 


c« 


e«vH 


t*^ 


dokioko   •H.Mr*   ^oaot>«eot»   eO' 


.^lli 


SSI 


Ig 


«  a    9 


§§§§  s§ss  ss§  §§§i§s  o§ 


8 


8 


3 


3 


O 


J2 


•*   OW 


S88S=s  3§3§  |g|  ISiSIS  gg 


99 


9  SS$3^  8SSS  gSS^:$  S9SSSSS  t^9 


m  •       • 


•       •       • 


•       •       •  •       • 


§  §§  §  g§§i  §§i§  iss  §§s§ig  is 


§1 1  iiij  !|i!  Ig!  HSill  11 


COAL-MINE  FATALITIES  IN  THE  UNITED  STATES,  1810-1914.      257 


s 

ISS8 

• 
• 

8 

3 

i  i^ 

;s 

21.7 
15.0 
17.7 

<o^co 

•      ■      • 

38.4 
83.8 
44.0 

^ 

^ 

13.3 
14.2 
11.1 

eo 
«5 

e«(oao 

sig 

i  9§ 

mn 

i  S§ 

fja" 

i  81 

3  is 

:  88 

>              •       • 

S3  is 

•     i     • 
w4     •» 

;  as 

*i40<D 

g§S 

i  iS 

1.43 
1.53 
1.52 

S3 

m 

da 
3d 

i 

t 

J^  : 
,o  : 

•  • 
M  : 

|5 

e 


o 

o 

& 

CI 

o 

8 

-< 

A 


OQ 

OQ 

CO 

a 

B 

-< 
-< 

Boo 

it 


e 


m 

Q     < 

H 

1-9 


o 


a 


•ri»o»  pmiD 

«eM*N 

• 

•mox 

It* 

-floniBO  ACE^O 

8 

-oooi  pm  sno  XviiQ^H 

« 

8 

'^jOfopiovH 

S 

'(scunq 
JO  ^ooqw)  i»pwj»ia 

S 

'seAnomoooi 
•iq-oi  pm  8JB0  «iz|H 

K 

'.   '.'  '.   ', — 

a 

■ 

•mox 

s 

"wmmnfq^Q 

•fldpisjDmavo 

a 

'WdOfS  JO  8)pniB 
Oitipp  8ii|iTB|  s^oofqo 

•H 

-sMofsjo 
83IV1I8  luiop  SnnrBj 

s 

1 

•mox 

^   •••»- 

.  :«« 

9 

c)  •  : 

:  :  :  ! 

•flBGiiBO  joqio 

*(*0|0  'P9)«00JP8 

'poamq)   fiojg    oiifif 

^ 

s 

'wumuviu  8u|ii|H 

'siBinpiy 

- 

-(siunq 
JD  ]^oon8)  ^pwooia 

«e 

'~'»  V  '. — 

'80B«8 

•apn  vio.q  uo^oooffiig 

>• 

*MA|soidza 

- 

•     'wi^ 

1    .p-l    t 

'(poaiqixioo98iip 
pro  rS  «zn;>iiioii|) 
sooisoidzo    )8np-|Q03 

- 

•nSanpxmq 
pm   ffODisoidxo   8B0 

- 

-mAftom 
-oooi  pire  8iK>  9ix|7C 

m 

;     JC^C^ 

TWO 

J9|na  JO  000}  JO  SUB  J 

M 

'(•oio'ipoi 

'1900)    JOOil    10    SKBit 

w4 

W     ■•H 

•  C0»^ 

i 

1008« 

1900 

1010 

Iflll 

1012 

1013 

1014 

& 


OQ 

I 

OQ 


I 


a 


258     COAL-MINE  FATALITIES  IN  THE  UNITED  STATES,  1870-1914. 

OHIO. 

ABBA  AND  DISTBIBITTION  OF  COAIi  FIBIJ>8. 

The  coal-bearing  area  of  Ohio  covers  about  12,600  square  miles, 
and  occupies  30  counties  in  the  southeastern  part  of  the  State.  It  is 
a  part  of  the  northwestern  side  of  the  great  Appalachian  coal  basin 
which  stretches  from  northern  Pennsylvania  to  central  Alabama. 
As  it  lies  on  the  northwestern  side  of  the  basin  the  general  dip  of  the 
beds  is  southeast  toward  the  middle,  but  there  are  a  few  small  folds 
which  break  up  the  continuity  of  the  southeastward  dip,  and  in  some 
places  cause  a  dip  in  the  opposite  direction.  The  most  pronounced 
fold  of  this  kind  trends  north  to  south  and  enters  the  State  near 
Marietta.  The  coal  beds  and  associated  rocks  extend  to  the  northeast 
into  West  Vii^inia  and  Pennsylvania  and  to  the  southwest  into 
Kentucky. 

CHABACTSB  OF  OOAIi  BEDS. 

The  coal  beds  of  Ohio  are  numbered  from  the  bottom  upward,  coal 
No.  1  being  the  lowest  bed.  Coal  No.  1  has  been  most  extenavely 
developed  in  the  northern  part  of  the  State,  but  it  occurs  in  isolated 
areas  along  the  west  side  of  the  field. '  It  is  from  3  to  6  feet  thick  at 
Brier  Hill  and  at  Massillon.  The  roof  is  shale  ranging  from  5  to  40 
feet  in  thickness.  The  coal  is  jointed,  hence  its  name,  block  coal.  It 
is  noncoking,  but  of  good  steaming  quality.  The  No.  2,  or  WeUston 
bed,  is  45  to  75  feet  above  No.  1  and  is  seldom  more  than  2  feet  thick, 
although  at  WeUston,  Jackson  county,  it  is  4  feet  thick.  The  roof 
is  shale  and  the  coal  non-coking. 

The  No.  5  bed,  or  Lower  Kittanning,  extends  in  an  almost  unbroken 
outcrop  across  the  State.  It  is  mined  in  almost  every  coimty  of  the 
Ohio  coal  field  from  southern  Mahoning  on  the  north  to  Hanging  Rock 
on  the  south.  It  is  generally  less  than  3  feet  thick,  but  at  Mineral 
Point,  Zan^ville,  and  New  Castle,  it  is  4  to  5  feet  thick.  The  coal 
is  of  good  coking  quality,  but  because  of  the  thinness  of  the  bed 
mining  machines  are  not  used  extensively,  the  coal  being  lai^ely  mined 
by  pick  mining. 

No.  6  bed,  or  the  Middle  Eattanning,  also  extends  under  a  wido  area. 
In  the  northern  part  of  Columbiana  County  it  is  less  than  1  foot 
thick.  In  the  southern  part  of  the  coimty  it  is  worked  extensively, 
although  it  is  only  20  to  30  inches  thick.  In  Coshocton  County,  it 
attains  a  thickness  of  3  feet  to  4  feet  10  inches.  At  Shawnee  it  is 
known  as  the  Hocking  Valley  seam,  and  in  many  places  contains  10 
feet  of  mineable  coal.  From  32  to  38  per  cent  of  the  State's  produc- 
tion comes  from  this  bed. 
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The  No.  7,  or  Upper  Freeport,  is  not  so  extensive  as  the  lower  beds 
and  varies  in  thic^ess  from  5  feet  4  inches  to  6  feet  9  inches.  This 
is  one  of  the  best  steaming  coals  in  the  State. 

The  No.  8,  or  Pittsbni^h,  is  the  most  important  bed  of  the  upper 
coal  measures.  The  coal  rests  on  a  bed  of  fire  clay  and  is  4  to  6  feet 
thick.     This  bed  extends  into  West  Virginia  and  into  Pennsylvania. 

Mmma  methods. 

The  accompanying  table  shows  the  number  of  mines  opened  by 
shaft,  slope  or  drift,  from  1892  to  1912,  inclusive.  At  first  the  single- 
entry  system  of  mining  prevailed  ,  but  in  the  eady  eighties  the  double- 
entry  system  was  introduced  in  a  number  of  the  larger  mines,  and 
now,  although  the  single-entry  system  still  prevails  in  some  mines 
where  the  bed  is  thin,  most  of  the  mines  are  opened  by  the  double- 
entry  system,  also  some  are  opened  by  the  three-entry  system. 

Mining  machines  are  used  extensively  in  coal  beds  Nos.  6,  7,  and  8. 
Prior  to  1877  all  of  the  coal  mined  in  Ohio  was  mined  by  pick. 
During  this  year  the  first  mining  machines  were  introduced  in  the 
State  and  the  use  of  machines  has  steadily  increased  until  in  1913 
there  were  1,681  machines  in  operation,  producing  21,535  tons  each, 
or  in  all  90.2  per  cent  of  the  coal  of  the  State.  The  electric  machines 
were  introduced  in  Ohio  in  1889  and  their  number  has  gradually  in- 
creased to  1,604  in  1913.  In  1891,  89  compressed-air  machines  were 
in  use  in  Ohio  mines  and  in  1905  the  highest  number,  145,  was  reached. 
There  were  only  49  in  operation  in  1913.  Less  than  4  per  cent  of  the 
coal  is  reported  as  being  shot  off  the  soUd,  and  slightly  over  4  per  cent 
as  being  mined  by  hand. 

Prior  to  the  introduction  of  mining  machines  in  Ohio,  the  coal- 
mining work  was  performed  principally  by  skilled  miners  from  Eng- 
land, Scotland,  and  Germany.  TMs  class  of  miners  has  gradually 
been  supplanted  in  the  State  by  labor  from  southern  Europe.  The 
table  on  methods  of  opening  and  ventilation  at  Ohio  mines  follows: 
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NX7MBER  OF  COAL  MINES  IN  OHIO,  CLASSIFIED  BY  TYPE  OF  OPENING  AND  METHOD 

OF  VENTILATION  FROM  1802  TO  1013,  INCLUSIVE.* 


Year. 


1802 
1893 
1894 
1805 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1011 
1912 
1913 


53 


903 
676 
657 
749 
821 
800 
021 
789 
696 
625 
589 
591 
638 
626 
696 
691 
742 
744 
726 
702 
703 
707 


Mines  opened  by— 


OQ 


91 
121 
149 
150 
149 
153 
143 
145 
122 
133 
140 
142 
153 
130 
163 
140 
140 
130 
110 
114 
113 
109 


o 
m 


40 

61 

61 

68 

66 

85 

145 

133 

140 

149 

142 

140 

142 

125 

144 

149 

171 

158 

147 

132 

125 

128 


I. 
So 

OQ 


458 

151 

296 

220 

167 

190 

46 

65 

114 

99 

96 

81 

85 


1,001 

1,163 

1,187 

1,203 

1,828 

1,85S 

1,132 

1,072 

1,006 

967 

9M 

1,018 

881 

1,008 

980 

1,063 

1,032 

983 

948 

941 

944 


Method  of  ventUatlon. 


s 

fo 


127 
141 
139 
134 
134 
148 
140 
147 
171 
182 
219 
259 
282 
289 
299 
322 
314 
302 
318 
345 
350 
355 


253 
323 
264 
278 
281 
280 
317 
274 
264 
253 
222 
244 
254 
239 
252 
235 
236 
240 
225 
191 
195 
187 


I 


11 

23 
32 
36 
38 
51 
45 
41 
48 
40 
57 
44 
50 
36 
38 
37 
46 
42 
35 
26 
30 
35 


& 


1 


OQ 


30 
39 
43 
48 
52 
49 
47 
34 
33 
44 
45 
32 
34 
13 
13 
19 
14 
19 
14 
14 
11 
14 


<8 


205 
316 
378 
452 
528 
516 
636 
523 
453 
388 
336 
802 
320 
304 
401 
367 
443 
429 
391 
372 
355 
353 


J-sfi 

OQ 


266 

167 

309 

242 

179 

200 

73 

107 

103 

08 

88 

73 

78 


1,000 
1,16S 
1,100 
1,212 
1,246 
1,267 
1,126 
1,072 
1,000 

017 

064 
1,018 

881 
1,008 

980 
1,063 
1,082 


041 


o  State  mine  inspector's  reports. 


BBPOBTABLB   ACOrDElTTS   AND   OBGANIZATION  OF  INSPECTION 

SEBVIOE. 

By  an  act  approved  March  21,  1874,  the  Legislature  of  Ohio  pro- 
vided for  the  inspection  of  all  coal  mines  in  which  more  than  10  men 
were  employed  at  one  time.  Under  this  act  the  first  State  inspector 
was  appointed  April  6, 1874,  and  entered  upon  his  duties  the  following 
day.  The  act  made  it  the  duty  of  any  person  having  charge  of  any 
mine  to  which  the  law  was  applicable  to  report  forthwith  to  the 
State  inspector  and  the  county  coroner  any  explosion  or  other  acci- 
dent causing  loss  of  life.  The  inspector  was  required  to  render  a 
report  to  the  governor  on  or  before  the  1st  day  of  January  of  each 
year,  and  to  enumerate  therein,  among  other  things,  aU  accidents  in 
or  about  the  mines. 

On  April  12,  1884,  the  State  was  divided  into  three  districts,  and 
the  enforcement  of  the  laws  relating  to  mining  was  intrusted  to  a 
chief  mine  inspector  and  three  district  inspectors.  The  inspection 
service  was  also  extended  to  include  fire-clay,  iron-ore,  and  other 
mines,  as  well  as  coal  mines.  The  number  of  districts  and  district 
inspectors  was  increased  by  statute  from  time  to  time,  imtil  in  1913 
there  were  12  districts,  each  having  an  inspector.  On  March  12, 
1913  a  law  was  passed,  and  approved  March  18,  1913,  discontinuing 
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various  State  departments  and  offices,  among  them  being  the  office  of 
chief  mine  inspector,  and  transferring  all  powers  and  duties  of  the 
inspector  to  a  newly  created  State  industrial  commission.  Under 
the  provisions  of  this  law,  the  new  commission  assumed  the  duties 
and  functions  of  the  chief  inspector  of  mines  on  September  1,  1913, 
and  established  the  office  of  chief  deputy  and  safety  commissioner 
of  mines. 

All  accidents  are  reported  to  district  inspectors  and  are  included 
in  the  annual  reports  of  the  industrial  commission.  Injiiries  involving 
disability  for  three  weeks  or  more  are  classified  as  serious,  and  all 
other  injuries  are  slight. 

ACOrOElTTS. 

Tables  118  and  119  show  the  total  niunber  of  fatalities  by  causes 
since  the  b^inning  of  inspection  service  in  1874  with  the  exception 
of  the  fiscal  year  1879,  for  which  no  report  was  published.  These 
tables  also  show  the  percentage  of  accidents,  classified  by  principal 
causes,  and  fatality  rates  per  1,000  men  employed  for  a  period  of  30 

FATALITIES  IK  OHIO  COAL  ]IINE8«  BY  PRINCIPAL  CAUSES,  DURING  THE  YEARS  1884 

TO  1913,  INCLUSIVE. 


Csoseofaocldait. 


Undergromid: 

Fau  of  roof  and  pillar  (ooal,  rock,  etc.) 

Mine  can  and  looomotrras 

Gas  and  dust  explosions 

Explosives 

Misoellaneoas 

Shaft 

Surteoe 

Total,  30  years 


Number  killed. 


Total. 


1,509 

277 

64 

161 

115 

79 

86 


2,29i2 


Per  cent. 


65.84 
12.08 


2.79 
7.02 
6.02 
3.45 
3.80 


100.00 


Per  1,000 

em« 
ployed. 


1.67 
.29 
.07 
.17 
.12 
.08 
.09 


2.39 


COAL-MINE  ACCIDENTS  IN  OHIO  IN  WHICH  5  OR  MORE  MEN  WERE  KILLED. 


Date. 

Name  of  mine. 

Locatk»n  of  mine. 

Nature  of  accident. 

Number 
killed. 

1877   July  11 

BrookfleM , . 

Brookfleld 

Suffocated  by  gas 
ih>m  mine  Iboomo* 
tive. 

Mine  explosion 

Fell  down  shaft 

Mine  explosion 

do... 

7 

1881    Feb.  10 

Robblns 

Robbins 

6 

1006   NoT.3 

San  Toy  No.  1 

Anurterdani . 

Coming ......... 

5 

1910   Apr.  21 

Amj?terdam  .■.. 

15 

191»   May  17 ,. .. 

ImperiflJ 

BeUe  Valley 

15 

years  (1884-1913),  for  which  complete  records  of  employees  and 
fatalities  are  available.  The  fatality  rate  during  this  period  is  2.39 
per  1,000  men  employed.  Ohio  has  been  fortmiate  in  the  matter  of 
lai^  disasters,  there  being  only  3  during  this  period  causing  the 
death  of  more  than  5  men  at  one  time,  representing  only  1}  per  cent 
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of  the  total  number  killed.  Falls  of  roof  and  piUar  are  responsible 
for  65.84  per  cent  of  the  fatalities;  mine  cars  and  locomotives  are 
second  with  12.08  per  cent.  The  average  production  of  coal  per 
fatality  during  this  period  was  261,152  tons,  or  3.98  fatalities  for  each 
million  tons  mined. 

Since  1903  more  than  97  per  cent  of  the  men  employed  in  the 
mines  have  been  on  an  8-hour  day.  The  time  element,  therefore, 
has  been  taken  into  consideration  and  tables  compiled  on  this  basis 
for  comparison  with  other  States.    The  fatality  rate  for  the  10-year 

NUICBER  OF  HOURS  TO  THE  WORKING  DAY.  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  OHIO^ 


Year. 


1003.. 
1904.. 
1905.. 
1906.. 
1907.. 
1908.. 
1909  b. 
1910.. 
1911.. 
1913.. 
1913.. 


S-hoorday. 


Ni2mb«r 
of  mines. 


638 
574 
534 
461 
400 
610 


687 

681 
604 


Ifenrair 
ployed. 


39,876 
42,845 
42,262 
44,008 
44,783 
46,742 


46,001 
44,861 
44,180 
46,487 


9-hoiirday. 


Number 
of  mines. 


16 
9 

7 
8 

4 
8 


12 

7 

11 

8 


If  en  enh 
ployed. 


456 

296 

527 

174 

68 

1,004 


249 

378 
474 
187 


104ioiirday. 


Number 
of  mines. 


14 
7 
4 

8 
2 
3 


1 
3 
1 
3 


If  en  em- 
plQ3red. 


306 
77 
27 
76 
31 
36 


6 

8 

10 

32 


Men  em- 
ployed 
other 

than  8. 9, 
and  10 
hours 

per  day. 


1,399 
416 
583 

1,186 

2,016 

626 


1,386 
722 
863 
109 


Total 

nu 

of 

pioyad. 


41,1 

43,631 

43,889 

tf,436 

tf,883 

47,407 

38,  U4 

46,641 

4i,4f9 

tf,it7 

41, 6U 


a  Compiled  from  annual  volumee  of  Minacal  ReBouoes,  U.  8.  GeoL  Snrvqr.        ^  Ceosiu  yaar. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  OHIO  AND  THE 
FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2,000-HOUR  WORKERS. 


1903. 
1904. 
1905. 
1906. 
1907. 
1906. 
1900. 
1910. 
1911. 
1912. 
1913. 


Days 
worked. 


194 
176 
176 
167 
199 
161 


Total  hours 
per  day 
Tall  em- 
ployees). 


Total  hours 
per  year. 


837,764 
349,938 
348,356 
366,016 
376,796 
880,956 


65,534,276 
61,239,150 
61,310,656 
60,957,506 
74,982,206 
61,333,916 


Number 

.hour 
workers. 


32,762 
30,620 
30,655 
30,470 
37,401 
30,667 


FataBtSes. 


TotaL 


124 
117 
126 
131 
164 
113 


l.< 
hour 


8.7t 
3.81 
4.11 
4.86 
4.U 
3.6S 


203 
170 
201 
206 


374,773 
364,788 
866,673 
866,880 


76,078,010 
65,207,062 
73,480,173 
76,677,280 


38,030 
32,640 
36,740 
37,780 


159 
107 
136 
166 


4.18 
3.18 
8.67 
4.87 


period  1903  to  1913  (Table  40)  based  upon  the  actual  number  of 
employees  is  2.94,  whereas  based  on  the  number  of  2,000-hour 
workers  it  is  3.94.  During  the  10-year  period  the  men  averaged 
1,495  hours  of  labor  per  man,  as  compared  with  2,132  hours  in  West 
Virginia,  and  2,034  hours  in  the  bituminous  mines  of  Pennsylvania. 
Table  41  shows  the  fatality  rate  for  each  year  on  the  2,000-hour 
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basis  for  each  State,  so  that  a  true  comparison  of  Ohio  with  other 
States  may  be  readily  made.  The  tables  of  statistics  for  the  State 
follow. 

STATISTICS  OF  STRIKES  AND  LOCKOUTS  IN  AND  ABOUT  THE  COAL  MINES  IN  OmO. 


1900 
1901 
1902 
1903 
1904 
1906 
1900 


Number 

of  men 

•fleeted. 


877 
3,036 
2,734 
3,769 
4,115 

11,412 
3,250 

87,630 


Total 
days 
lost. 


26,394 
45,547 

106,177 
70,534 
05,149 

5H058 
40,495 
2,087,288 


Avenge 
numbw 
of  days 
lost  per 


80 
22 
38 
19 
16 
45 
15 
71 


Year. 


1907 
1906 
1909 
1910 
1911 
1912 
1913 
1914 


Number 

of  men 

affected. 


0,307 
21,084 

2,375 
24,746 

9,530 
27,200 
10,029 
40,577 


Total 
days 
lost. 


110,324 
567,460 
139,434 

1,334,631 
350,039 
895,777 
203,234 

6,452,702 


Avera^ 
number 
of  days 
lost  per 


17 
27 
59 
54 

37 

32 

20 

150 


•  OampOed  from  annual  volnnue  of  ICtnaral  Beaouroes,  U.  8.  GeoL  Survey. 
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OKLAHOMA. 

ABBA  AND  DISTBIBXTTION  OF  GOAL  FIELDS. 

The  coal  fields  of  Oklahoma  have  an  area  of  about  10,000  square 
miles.  In  general  the  rocks  of  these  fields  dip  slightly  west  under  the 
Great  Plains,  but  in  Oklahoma  the  regular  westward  dip  is  interfered 
with  by  many  local  folds.  On  this  basis  the  coal  fields  of  the  State 
may  be  divided  into  two  parts  as  follows:  (1)  that  part  north  of 
Canadian  River  in  which  the  rocks  are  only  slightly  disturbed,  and 
(2)  the  part  south  of  Canadian  River  in  which  there  are  many  strong 
anticlines  and  synclines  that  make  the  coal  beds  dip  in  various  direc- 
tions and  at  different  angles.  The  part  north  of  Canadian  River  is  the 
southward  continuation  of  the  Kansas  fields,  but  with  the  coal  beds 
in  greatly  reduced  thickness.  The  part  south  of  Canadian  River  is 
similar  to  and  a  continuation  of  the  folded  and  faulted  fields  of 
Arkansas.  Ix>cal  faults  occur  in  the  McAlester  anticline  near  Mc^ 
Alester. 

On  the  northern  slope  of  the  McAlester  anticline  the  coal-bearing 
rocks  are  tilted  until  the  coal  beds  are  almost  vertical,  and  from 
Hartshome  to. Atoka  the  beds  are  also  steeply  upturned.  In  this 
respect  the  Oklahoma  coal  fields  are  similar  to  those  of  Washington, 
certain  parts  of  Colorado,  and  the  anthracite  fields  of  Pennsylvania. 
They  differ  from  the  coal  fields  of  Washington  in  that  the  coal  has 
not  been  crushed  or  changed  in  character  by  structural  movement 
of  the  iQclosing  rocks. 

The  southern  part  of  the  coal  field  is  the  more  important,  as  more 
than  three-fourths  of  the  coal  mined  in  1913  came  from  that  section. 
The  larger  part  of  an  area  embracing  Craig,  Rogers,  Tulsa,  Wagoner, 
Okmulgee,  Muskogee,  Mcintosh,  Haskell,  Sequoyah,  Le  Flore,  Coal, 
Latimer,  and  Pittsburg  counties,  all  in  the  eastern  peurt  of  the  State, 
is  knoYm  to  contain  coal. 

CHABAOTEB  OF  GOAL  BBD8. 

There  are  seven  coal  beds  in  this  field  that  are  thick  enough  to  be 
worked  on  a  commercial  scale.  There  are,  however,  two  groups  of 
beds  from  which  most  of  the  coal  mined  ia  the  southern  part  of  the 
field  has  been  obtained.  These  are  the  Hartshome  coal  beds,  gen- 
erally two  in  number,  at  the  top  of  the  Hartshome  sandstone,  and 
the  two  McAlester  coal  beds  near  the  top  of  the  McAlester  shale,  and 
from  1,^00  to  1,800  feet  above  the  Hartshome  group.  The  Harts- 
home beds  are  in  places  about  50  feet  apart,  and  in  other  places  they 
meet.  West  of  Wilburton  the  upper  bed  is  absent.  The  lower  bed 
is  4  to  5  feet  thick  and  the  upper  one  is  about  4^  feet  thick.    East 
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of  Wilburton  there  are  two  beds  about  2^  feet  thick  in  the  McAlester 
group;  but  about  Hartshomey  McAlester,  and  Savanna  there  is  only 
one  bed,  which  ranges  in  thickness  from  3  to  5  feet. 

The  Henryetta  field  in  Okmulgee  county  was  recently  opened.  It 
contains  a  bed  of  coal  averaging  3  feet  in  thickness,  and  lying  practi- 
cally horizontal  at  depths  varying  from  100  to  200  feet,  and  is  worked 
mostly  by  machines.  The  coal  is  not  as  good  as  other  Oklahoma 
coals  but  serves  as  a  good  steam  and  railroad  fuel,  and  can  be  pro- 
duced more  cheaply  than  the  other  coals  to  the  south  of  Okmulgee 
County.  Two  important  mining  towns,  Henryetta  and  Dewar,  have 
recently  been  built  as  a  result  of  the  development  of  this  coal  field. 
The  Henryetta  coal  field,  unlike  the  southern  coal  fields,  is  not  on 
segregated  lands.  The  coal  beds  in  Pittsburg,  Coal,  Latimer,  and 
Le  Flore  counties  and  part  of  Haskell  County,  are  on  segregated  coal 
lands  belonging  to  the  Choctaw  and  Chickasaw  Indian  Nations. 

MININa  ICBTHODS. 

The  earliest  records  of  coal  production  in  Oklahoma  are  for  1880, 
when  120,947  tons  of  coal  was  produced.  The  production  in  1913 
was  4,165,770  tons.  About  60  per  cent  of  the  mines  are  opened  by 
slopes  and  drifts  with  lengths  on  the  incline  varying  from  50  to  3,500 
feet.  The  shaft  mines  number  about  one-third  of  the  mines  in  the 
State,  and  vary  in  depth  from  70  to  800  feet.  The  coal  is  mined 
entirely  by  the  room-and-pillar  method.  Some  of  the  mines  are 
quite  gaseous,  and  much  dust  is  produced  in  mining. 

In  1896  there  were  56  mining  machines  in  operation,  which  pro- 
duced 14  per  cent  of  the  coal  mined  in  the  State.  In  1898,  there 
were  75,  which  produced  19.9  per  cent  of  the  coal.  The  use  of  mining 
machines  gradually  declined  until  in  1907  there  were  only  11  ma- 
chines in  operation,  producing  less  than  1  per  cent.  Since  that  date, 
the  number  of  machines  has  gradually  increased  until  in  1913, 
there  were  103  machines  in  operation,  producing  16.1  per  cent  of 
the  coal. 

Shooting  off  the  solid  is  practiced  to  such  an  extent  in  Oklahoma 
that  in  1912,  86.4  per  cent  of  the  coal  was  thus  produced.  This 
proportion,  however,  was  by  the  increase  of  machines  in  1913  reduced 
to  80.9  per  cent.  The  laws  of  the  State  compel  the  payment  of 
wages  on  the  basis  of  run-of-mine,  hence  a  tendency  to  encourage 
the  practice  of  shooting  from  the  solid.  Holes  are  usually  drilled  6. 
to  10  feet  deep,  and  sometimes  as  much  as  14  feet  with  no  undercut- 
ting nor  channeling.  Sufficient  powder  is  charged  to  break  the  coal 
with  the  result  that  much  fine  coal  is  produced.    In  some  instances 
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these  long  holes  are  charged  with  dynamite.  Dust  is  scattered 
throughout  the  mine,  the  roof  is  loosened  more  or  less,  and  at  teast 
15  per  cent  of  the  coal  shot  down  is  thrown  into  the  gob  and  lost. 
This  method  of  mming  produces  unsafe  conditions  in  the  mine  in 
addition  to  being  wasteful,  as  much  of  the  coal  is  so  badly  crushed 
that  it  is  unfit  for  commercial  uses. 

BBPOBTABLE   ACCIDENTS   AND   ORGANIZATION  OF  INSPECTION 

SERVICE. 

The  act  of  Congress  estabhshing  a  mine-inspection  service  in  all 
Territories  where  the  output  of  coal  exceeded  1,000  tons  annually 
was  approved  March  3,  1891.  Under  this  act  the  first  inspector  in 
Indian  Territory  (now  Oklahoma)  entered  on  duty  March  20,  1893. 
Mine  operators  were  required  to  report  to  the  inspector  all  cases  of 
fatal  accidents  at  their  mines,  such  report  to  be  in  writing  and 
made  within  10  days  after  such  death  occurred.  Annual  reports  for 
fiscal  years  ending  June  30  were  rendered  to  the  Secretary  of  the 
Interior. 

A  State  department  of  mines  and  mining  was  created  by  an  act 
approved  April  6,  1908,  and  under  the  provisions  of  this  law  the 
appointment  of  a  chief  mine  inspector  and  three  district  inspectors 
was  authorized,  the  inspectors  to  investigate  all  accidents,  injuries, 
and  deaths  at  mines.  The  first  report  of  the  State  inspector  covers 
the  period  from  November  16,  1907,  to  October  31,  1908,  and  annual 
reports  since  the  latter  date  have  been  issued  for  fiscal  years  ending 
October  31. 

It  has  been  the  practice  of  mine  operators  to  report  to  the  inspector 
all  fatal  and  serious  accidents.  Since  the  enactment  of  the  compen- 
sation law,  all  accidents  causing  a  disability  of  one  day  or  more  are 
reported.  AH  accidents  reported  are  included  in  the  inspector's 
annual  reports  and  are  classified  as  fatal  or  nonfatal,  but  no  distinction 
is  made  between  serious  and  slight  injuries. 

In  1915  the  inspection  force  consisted  of  one  chief  inspector  and 
three  deputy  inspectors. 

ACCIDENTS. 

Tables  120  and  121  show  the  production  of  coaJ,  number  of  men 
employed,  and  the  number  of  fatalities  in  and  about  the  coal  mines  of 
Oklahoma.  The  fatalities  as  tabulated  have  been  compiled  from  the 
Territorial  and  State  mine  inspectors'  records,  and  are  complete  from 
1893  to  and  including  1913.  During  this  period  of  21  years,  there 
were  729  fatalities  representing  a  rate  of  6.45  per  1,000  men  employed. 
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FATALITIES  IN  OKLAHOBIA  COAL  MINES .  BY  PRINCIPAL  CAUSES,  DUBINQ  THE  YEARS 

1803  TO  1913,  INCLUSIVE. 


Cause  of  aoddent. 


Undararound: 

Fau  of  roof  and  pfUar  (ooal,  rock,  etc.) 

Mine  cars  and  locomotives 

Oas  and  dust  explosions 

Ezplostres 

Miscellaneous , 

Shaft 

SurfMe 

Total,  21  years , 


Number  killed. 


Total. 


153 

78 
262 
115 
TO 
25 
17 


729 


Percent. 


20.99 
10.70 
35.94 
15.77 
10.84 
3.43 
2.33 


100.00 


Per  1,000 

em- 
ployed. 


1.14 
.58 

1.90 
.80 
.59 
.19 
.13 


5.46 


COAL-MINE  ACCIDENTS  IN  OKLAHOBIA  IN  WHICH  6  OR  MORE  MEN  WERE  S3LLED. 


Date. 

Name  of  mine. 

Location  of  mine. 

Nature  of  aoddent. 

Number 
killed. 

1802   Jan.7 

No.  11 

Kxebs ». 

Ald^rson .....^  .. 

Mine  explosion 

do 

100 

1W7   Jan.  4    

No.  1 

5 

1901    Apr.  29 

McAlester  No.  5 

do 

Blown-out  or  windy 

shot. 
Fell  from  ca?e 

11 

1901    Deo.28 

N0.I 

A 

1902   Jan.13 

MObyandDow 

Central  Slope  77 

No.  19 

Dow 

Mine  fire 

10 

1903    Apr.  12 

Carbon 

Mine  explosion 

do... 

A 

1905    Apr.  30 

Wilburton 

13 

19m   Jan.  24 

Poteau  No.  6 

Witteville 

Dynamite  explosion. . . 
Mine  fire 

14 

1908    Aug.26 

Hailey-Ola  No.  1 

Ro(±  island  No.  8 

Great  Western  No.  2. . . 

Western  N0.5 

SanBoisNo.2 

N0.I 

Haileyville 

29 

1900    Oct.21 

Hartshome 

Wilburton 

Mine  explosion 

do 

10 

1910   V^r.  31 

6 

1912    Feb.  22 

Lehigh 

VbiAffrA.    

g 

19^?    V^r.9^.., 

Mf<^Ti  rtain 

Mine  explosion 

Cave-in 

73 

1914   8ept.4 

Adamsf>n . . . ., 

13 

The  amount  of  coal  produced  per  fatality  during  this  period  was 
71,111  tons,  or  there  were  14.06  fatalities  per  million  tons  mined. 
Of  the  total  number  of  fatalities  during  this  period  35.94  per  cent  was 
due  to  gas  and  dust  explosions,  20.99  to  falls  of  roof  and  coal,  and 
15.77  per  cent  to  explosives.  Mine  cars  and  locomotives  claim  10.70 
per  cent  of  the  fatalities.  Since  the  beginning  of  inspection  service 
March  20,  1893,  to  and  including  1913,  there  were  12  mine  disasters  in 
which  5  or  more  men  were  killed  at  one  time,  as  shown  in  the  accom- 
panying list. 

Since  1903,  the  majority  of  the  employees  at  the  coal  mines  in 
Oklahoma  have  been  on  an  8-hour  basis.  Fatalities  have,  therefore, 
been  calculated  on  the  basis  of  a  2,000-hour  year,  showing  that  the 
rate  for  Oklahoma  on  this  basis  is  6.81  for  the  period  of  1903  to  1913, 
except  1909.  This  compares  with  5.08  based  on  the  number  of  actual 
employees  for  the  same  period.  The  number  of  hours  worked  per 
year  per  man  is  1,406,  as  compared  with  1,564  for  Kansas,  and  2,132 
for  West  Viiginia.    The  Oklahoma  rate  based  on  the  actual  number 
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NX7MBER  OF  HOURS  TO  THE  WORHINO  DAY,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  OKLAHOMA.* 


Year. 


1903.. 
1904.. 
1905.. 
1906.. 
1907.. 
1906.. 
1900  ». 
1910.. 
1911.. 
1912.. 
1913.. 


d'hour  day. 


Numbw 

of  DkiZMS. 


66 

69 
60 
70 
83 
64 


89 
90 
82 
87 


M6n6n> 
ployed. 


6,952 
8,261 
7,544 
7,824 
8,079 
8,268 


8,472 
8,247 
8,105 
8,725 


9-bour  day. 


Nmnber 
of  mixies. 


3 
2 


3 


Men  em- 
ployed. 


487 
96 


167 


10-bour  day. 


Number 
of  mixies. 


2 
2 
8 

4 
6 

4 


2 
3 
8 
2 


Men  em- 
ployed. 


190 

75 

108 

81 
194 
118 


60 

36 

120 

109 


Men  em- 
ployed 
other 

than  8. 9, 
and  10 
boors 

per  day. 


76 
66 

60 
179 
126 
275 


135 
447 
560 
210 


Total 
number 
of  men 

em- 
ployed. 


7,704 
8,487 
7,712 
8,251 
8,896 
8,651 
8,619 
8,657 
8,729 
8,785 
9,0M 


a  Compiled  from  annual  yolumee  of  Mineral  Resource^  U.  S.  G«ol.  Survey.      .  &  Census  year. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  OKLAHOMA  AND 
THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2,000-HOUR  WORKERS. 


Year. 


1903.. 
1904.. 
1905.. 
1906.. 
1907... 
1906.. 
1900a. 
1910.. 
1911.. 
1912.. 
1913.. 


Days 
worked. 


247 
199 
188 
166 
216 
172 


Total  bouis 

per  day 

fall  em- 

pioyees). 


62,574 
68,207 
61,972 
66,516 
67,697 
69,719 


Total  bours 
per  year. 


15,465,778 
13,573,193 
11,660,736 
11,041,656 
14,622,662 
11,991,668 


Number 
of  2,000- 

bour 
workers. 


7,727 
6,786 
5,825 
6,621 
7,311 
6,996 


Fatalities. 


Total. 


42 
29 
41 
44 
39 
46 


1,000 
2,006- 

honr 
woiken. 


5.44 

4.27 
7.04 
7.97 
6.SS 

7.67 


144 
166 
174 
197 


69,491 
70,349 
71,060 
72,780 


10,006,704 
10,974,444 
12,367,920 
14,337,660 


6,003 
6,487 
6,184 
7,160 


89 
27 
99 
23 


7.80 
4.92 

16.01 
S.21 


a  Census  year. 


of  employees  appears  to  be  slightly  less  than  the  fatality  rate  in  West 
Virginia,  but  when  reduced  to  the  uniform  basis  of  fatalities  per 
2,000-hour  workers,  the  rate  becomes  6.81  for  Oklahoma,  as  compared 
with  5.18  for  West  Virginia.  For  comparative  purposes,  Tables  40 
and  41  have  been  compiled  so  that  it  is  an  easy  matter  to  compare 
Oklahoma  with  other  States.  The  tables  of  statistics  for  the  State 
of  Oklahoma  foUow: 
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STATISTICS  OF  STRIKES  AND  LOCKOUTS  IN  AND  ABOUT  THE  COAL  MINES  IN 

OKLAHOBfA>> 


Yttur. 


18B9. 
1900. 
1901. 
1903. 
1908. 
1904. 
1906. 
1906. 


Number 
of  nun 

aitected. 


1,S25 
110 


150 

488 

397 

7,372 


Total 
days 
lost. 


881,266 
31,100 


9,000 
1,028 
6,175 
8,509 
536,504 


Average 
number 
of  days 
lost  per 
man. 


154 
283 


60 
4 

11 
9 

72 


Year. 


1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 


Number 

of  men 

affected. 


669 
6,929 
1,576 
8,213 
444 
860 
1,696 
1,286 


Total 
days 
lost. 


17,092 
898,251 
11,368 
1,247,828 
15,106 
12,109 
135,274 
89,500 


Average 
number 
of  days 
lost  per 
man. 


26 
57 
7 
152 
34 
14 
80 
31 


a  Compiled  bum,  annual  volumes  of  Mineral  Resouroes,  U.  S.  Geol.  Survey. 
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OKEGON. 

ABBA  AND  DISTBIBT7TION  OF  GOAL  FIELDS. 

The  coal  in  Or^on  is  subbituminous.  The  Coos  Bay  field,  which 
is  the  principal  one  in  the  State,  occupies  a  small  structural  basin  in 
the  vicinity  of  Coos  Bay  and  contains  230  square  miles.  It  extends 
north  and  south  and  is  about  30  miles  long,  with  a  maximum  width 
of  11  miles.  There  are  other  coal  fields  in  the  State,  but  none  of 
them  has  been  worked  to  any  extent,  so  do  not  enter  into  the  ques- 
tion of  mine  accidents.  The  Coos  Bay  field  may  be  divided  into  six 
parts,  consisting  of  four  basins  and  two  arches.  The  basins  contain- 
ing workable  coal  are  the  Newport,  Beaver  Slough,  Coquille,  and 
South  Slough.  The  arches  contain  no  coal.  The  structure  of  these 
basins  may  be  considered  as  simple,  the  dip  being  slight.  There  are 
a  number  of  faults,  but  these  are  of  httle  importance. 

The  Newport  basin,  the  principal  one  that  has  been  worked,  con- 
tains about  6  feet  of  coal  in  three  benches,  yielding  5  feet  of  coal  that 
can  be  mined.  The  roof  is  sandstone  and  requires  comparatively 
little  timbering.  The  top  bench  of  coal  is  usually  left  with  the 
upper  parting  to  form  the  roof. 

The  Beaver  Slough  basin  contains  five  beds,  the  most  important 
being  the  lowest  one,  which  contains  over  6  feet  of  coal,  lliis  bed 
has  been  mined  at  Beaver  EQll. 

HININa  METHODS. 

The  first  records  of  coal  production  for  Oregon  are  for  the  year 
1880,  when  43,205  tons  was  reported.  Three  mines  have  been 
opened  by  drifts  and  slopes  in  the  Newport  basin,  and  the  coal  is 
mined  by  the  room-and-piUar  method.  In  the  Beaver  Slough  basin 
one  or  two  mines  have  been  opened  by  slopes  and  a  small  amoimt  of 
coal  has  been  mined  by  the  pillar-and-chute  system. 

BBPOBTABIA   ACCIDBNTS   AND   ORGANIZATION  OF  INSPECTION 

SERVICE. 

No  provision  has  been  made  by  the  State  of  Oregon  whereby  acci- 
dents in  or  about  coal  mines  shall  be  reported  to  a  State  official. 
The  coal  production  of  the  State  since  1880  has  averaged  less  than 
64,000  tons  annually.  Reports  of  accidents  have,  since  1910,  been 
voluntarily  rendered  to  the  Federal  Bureau  of  Mines  by  the  mine 
operators  at  the  close  of  each  calendar  year. 

ACCIDENTS. 

The  production  of  coal,  number  of  men  employed,  and  the  number 
of  fatalities,  as  far  as  complete  records  are  available,  are  given  in 
Tables  122  and  123.    The  fatalities  at  coal  mines  have  been  recorded 
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only  since  1909,  but  the  number  of  employees  has  been  reported 
since  1890.  For  the  five  years  for  which  continuous  records  are 
available,  the  accident  rate  in  Or^on  is  comparatively  low,  being 
2.69  per  1,000  men  employed,  but  on  the  tonnage  basis  it  is  high, 
being  10.37  fatalities  per  million  tons  mined.  There  have  been  no 
serious  coal-mine  disasters  in  Oregon.  The  tables  of  statistics  for 
the  State  f oUow : 


FATALITIES  IN  OBEGON  COAL  MINES.  BY  PRINCIPAL  CAUSES,  DURING  THE  YEAR 

1909  TO  1913.  INCLUSIVE. 


Cause  of  accident. 


Uzidersrouxid: 

FaU  of  roof  and  pillar  (ooal,  rotik,  etc.). 

Mine  cars  and  locomotives , 

Oas  and  dust  explosions 

Explosives 

ytaftftl^n^OtlS. 

Shaft 

Surfsoe 


Number  killed. 


Total. 


1 
2 


Percent. 


33.00 
67.00 


Par  1,000 

em- 
ployed. 


0.00 
1.79 


Total,  5  years. 


100.00 


2.00 


STRIKES  AND  LOGKOTJTS. 


During  1914,  the  first  year  in  which  there  were  labor  troubles  in 
Oregon,  21  men  were  on  strike,  resulting  in  the  loss  of  798  days,  or 
an  average  of  38  days  per  man. 
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PENKSTLYANIA  (ANTHRACITE}. 

ABBA  AND  DISTBIBXTTION  OF  COAL  FIELDS. 

The  anthracite  coal  fields  of  Pennsylvania  occupy  portions  of 
SnUivan,  Lackawanna,  Luzerne,  Carbon,  Schuylkill,  Dauphin,  and 
Northumberland  and  Columbia  comities  in  the  northeastern  part  of 
the  State.  They  comprise  an  area  of  480  square  miles,  and  form  four 
distinct  fields^  as  follows:  The  northern  or  Wyoming-Lackawanna 
field,  in  Luzerne  and  Lackawanna  counties;  eastern-middle  or  Lehigh 
field,  in  Luzerne  and  Carbon  counties;  southern  or  Schuylkill  field,  in 
Dauphin  and  Schuylkill  counties;  and  western-middle  field.  A  brief 
description  of  each  field  is  given  in  the  following  paragraphs: 

CHABACTEB  OF  COAL  BEDS. 

The  coal  beds  of  the  anthracite  fields  of  Pennsylvania  are  described 
by  Stock  *  as  follows: 

NOBTHEBN  FIELD. 

From  Forest  City  to  Pittston  and  from  Pittson  to  Nanticoke,  north  of  the  Suaque* 
hanna,  the  maximum  dips  are  10^  to  20^,  while  between  Pittston  and  Nanticoke, 
south  of  the  Susquehanna,  steeper  dips,  ranging  from  60°  to  70°,  are  found,  and  near 
Glen  Lyon  the  measures  are  overturned  and  badly  broken.  There  are  numeous  anti- 
clines and  synclines  in  the  measures  which  can  sometimes  be  traced  on  the  surface* 
the  synclines  being  often  marked  by  ridges  and  the  anticlines  by  valleys. 

A  marked  feature  of  the  northern  field  is  the  buried  valley  of  the  Susquehanna, 
extending  from  Pittston  to  Nanticoke.  This  is  the  bed  of  a  former  glacial  stream 
which  has  cut  down  into  the  coal  measures  in  places,  thus  cutting  out  large  areas  of 
the  upper  coal  beds.  The  valley  is  now  filled  with  sand,  and  there  are  numerous 
pot  holes  in  it,  which  add  an  element  of  uncertainty  and  danger  to  the  mining. 

The  Wyoming-Lackawanna  basin  is  deepest  (2,200  feet)  midway  between  Wilkes- 
Baire  and  Nanticoke.  About  4  miles  above  Pittston,  near  Lackawanna  station,  only 
100  to  150  feet  of  the  coal  measures  are  left,  but  northeast  from  here,  several  miles 
above  Scranton,  the  coal  measures  sink  again  to  a  depth  of  700  feet,  and  then  rise 
and  spoon  out  beyond  Forest  City. 

It  is  difficult  to  state  the  number  of  workable  beds,  as  beds  are  now  being  worked 
in  the  upper  end  of  the  Lackawanna  Valley  which  a  very  few  years  ago  were  neg- 
lected and  considered  unworkable.  The  splitting  of  a  large  coal  bed  into  several 
smaller  beds,  which  divide  and  are  sometimes  separated  by  as  much  as  200  feet  of 
rock,  renders  it  impossible  to  correlate  beds  in  different  parts  of  the  field  until  con- 
tinuous sections  can  be  made  by  means  of  actual  mine  workings.  As  the  result  of 
measurements  of  891  sections  by  the  second  geological  survey  of  Pennsylvania,  81.8 
per  cent  of  the  total  coal  in  the  Wyoming  basin  is  or  may  be  considered  marketable 
coal,  the  remaining  18.2  per  cent  being  interbedded  slate,  shale,  and  other  refuse. 
The  deposits  in  this  section  are  particularly  free  from  refuse,  and  the  comparative 
freedom  of  this  section  from  plication  and  folding  gives  a  high  percentage  of  market- 
able coal. 

BASTEBN-MIDDLE  FIELD. 

The  structure  of  the  eastern-middle  field  is  simple,  consisting  of  a  succession  of 
anticlines,  usually  with  broad  flat  crests  and  shallow  intervening  basins  only  about 

a  H.  H.  Stoek,  Tho  Pennsylvania  anthracite  coal  fields:  22d annual  rept.,  1900-1901,  U.  S.  Oeol.  Surrey, 
1901,  p.  09. 
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500  to  600  feet  deep,  the  aides  dipping  10^  to  40^.  Thifi  gives  a  large  extent  of  out- 
crop, and  the  comparative  shallowness  of  the  basins  has  been  very  favorable  to  min- 
ing, so  that  the  field  has  been  extensively  developed  and  its  structure  quite  thor- 
oughly determined.  The  Mammoth,  Buck  Mountain,  Primrose,  Parlor,  Portland,  and 
Ganmia  beds  vary  in  thickness  in  different  localities.  The  second  geological  survey 
of  Pennsylvania  estimated  that  from  75  to  77  per  cent  of  the  total  thiclmess  of  coal 
was  marketable. 

SOUTHEEN  FIELD. 

The  southern  field  consists  of  a  number  of  connected  basins  which  grow  gradually 
deeper  from  north  to  south,  culminating  along  the  foot  of  Sharp  Mountain  in  very  deep, 
highly  upturned,  and  greatly  contorted  measures.  The  Pottsville  conglomerate  in 
this  region  is  very  thick,  ranging  from  1,100  to  1,475  feet.  It  is  made  up  of  coarse 
materials,  and  contains  a  number  of  valuable  coal  beds,  especially  at  the  western  end. 
At  the  point  where  the  main  field  subdivides  into  the  two  westwardly  extending  basins 
there  are  6  Lykens  Valley  beds  in  the  conglomerate,  each  3  to  10  feet  thick.  The  coal 
measures  proper  are  at  least  2,500  feet  thick,  and  20  different  coal  beds  have  been 
worked.  From  measurements  of  275  sections  the  second  geological  survey  estimated 
72  per  cent  of  the  coal  as  marketable. 

WESTERN-MIDDLE  FIELD. 

In  the  western-middle  field  the  beds  incline  steeply,  the  average  dip  being  35  to  40 
degrees.  There  has  been  much  folding,  sliding,  and  shifting  of  strata,  which  has 
crushed  the  coal  in  many  places  and  mixed  with  it  slate  and  bony  coal  partings.  The 
coal  measures  are  1,200  feet  thick,  and  contain  from  10  to  12  different  beds,  many  of 
them  of  great  thickness  and  with  comparatively  small  intervening  barren  intervals. 
The  Lykens  Valley  beds  are  also  found  in  the  conglomerate,  or  No.  12,  and  toward  the 
western  end  of  the  field  these  beds  are  mined ;  1,144  sections  throughout  the  field  give 
23  per  cent  of  refuse  in  the  coal,  but  it  is  not  safe  to  estimate  more  than  75  per  cent  of 
the  original  deposit  as  marketable  coal. 

Fire  damp  is  found  in  many  of  the  deeper  mines,  particularly  in 
the  Wyoming  region  and  in  the  western  end  of  the  Schuykill  region. 
In  a  number  of  mines  it  is  present  in  such  quantities  that  the  use  of 
safety  lamps  is  absolutely  necessary. 

UDSriNa  METHODS. 

In  each  of  the  anthracite  fields  there  are  a  number  of  places  where 
the  coal  outcrops  near  the  surface,  and  where  conditions  are  favorable 
for  mining  the  coal  by  open-pit  methods.  The  overburden  is  stripped 
by  hand  labor,  steam  shovel,  or  wire-rope  tramway  and  the  coal 
quarried  out  and  hauled  by  incline  to  the  surface,  or  if  the  stripping 
pit  communicates  with  the  underground  workings  the  coal  may  be 
taken  through  underground  haulage  ways  to  the  bottom  of  the  shaft 
or  slope  and  then  hoisted  to  the  surface. 

Most  of  the  mines  are  shaft  and  slope  mines,  the  slopes  being  driven 
in  the  coal  from  the  outcrop,  and  the  shafts  being  always  vertical  and 
usually  so  placed  as  to  cut  the  coal  at  the  lowest  possible  elevation  on 
the  property  in  question.  The  room-and-piUer  system  is  the  one 
usuaUy  used  for  underground  mining,  but  owing  to  the  deposits  being 
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steeply  inclined  and  more  or  less  irregular,  the  system  has  te  be' 
adapted  te  meet  local  conditions  in  mining  the  various  beds.  It  is 
impossible  to  carry  out  a  typical  room-and-pillar  system,  as  in  the  flat 
bituminous  coalbeds.  Thedetailsof  the  system  under  different  mining 
conditions  vary  so  widely  that  a  comparison  of  mining  methods  from 
different  districts  or  localities  gives  the  impression  that  the  coal  is 
mined  by  several  systems  having  nothing  in  common.  On  close  in- 
spection, however,  the  fact  is  disclosed  that  they  all  have  three  fea- 
tures which  are  identical  :<*  (1)  The  breasts,  or  rooms,  or  working 
places  are  all  long  and  comparatively  narrow;  (2)  they  are  driven 
nearly  parallel  to  each  other;  and  (3)  they  are  separated  by  long  nar- 
row pillars  of  coal,  broken  only  by  small  openings  for  ventilation. 

These  three  features,  which  are  common  to  all  anthracite  workings 
in  Pennsylvania,  are  the  identifying  characteristics  of  the  ''pillar-and- 
breast,"  '*pillar-and-room,"  ''post-and-stall,"  ^*stoop-and-room,"  or 
"bord-and-pillar''  system.  The  geologic  peculiarities  of  the  anthra- 
cite coal  beds  explain  why  the  mining  methods  differ  so  radically  in 
detail  from  those  employed  in  other  beds.  Coal  beds  ranging  from 
3  or  4  feet  up  te  70  feet  in  thickness  are  worked  on  dips  varying  from 
horizontal  te  vertical. 

From  the  bottom  of  the  shaft  or  slope  a  gangway  and  a  parallel  air- 
way are  driven  in  opposite  directions  from  the  shaft  or  slope  and 
along  the  strike  of  the  bed.  From  these  gangways  rooms  or  breasts 
are  turned  either  at  right  angles  or  obliquely,  the  angle  of  turning 
being  dependent  upon  the  dip  of  the  seam. 

"Mat  workings"  is  a  term  applied  to  those  coal  beds  which  vary 
from  horizontal  te  a  dip  of  about  25^.  When  the  coal  bed  is  flat,  it 
is  usually  opened  by  a  shaft  sunk  through  the  overlying  measures. 
Gangways  are  driven  from  the  bottom  of  the  shaft,  and  when  they 
have  reached  a  sufficient  distance  to  permit  a  thick  pillar  of  coal 
being  left  to  protect  the  shaft,  breasts  are  opened  from  the  upper 
side  of  each  gangway. 

Where  the  inclination  is  more  than  30^,  the  coal  will  slide  without 
the  use  of  sheet-iron  chutes,  and  it  then  becomes  necessary  te  step  up 
the  lower  end  by  a  battery,  built  of  logs  or  heavy  planks.  This  acts 
as  a  support  for  the  broken  coal  and  allows  the  breast  te  fill  te  the  face 
with  coiJ,  thus  giving  the  miners  a  broken-coal  platform  on  which  to 
stand  while  working. 

The  battery  workings  may  be  divided  into  two  general  classes:  (1) 
Where  the  coal  is  stored  in  the  breast  and  the  rock  and  refuse  teken 
out  through  a  chute,  and  (2)  where  the  rock  is  stored  in  a  breast  and 
the  coal  taken  out  through  chutes.  Details  of  the  various  modifica- 
tions of  these  systems  are  given  fuDy  by  Chance.^ 

aChanoe,  H.  M.,  Ifining  methods  and  appliances  used  in  the  anthacite  cool  fields:  Seoond  Qeol.  Survey 
of  Pennsylvania,  1883,  p.  129. 
bCbance,  H.  li.,  loc.  dt. 

14355**— Bull.  115—16 19 
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In  the  anthracite  mines  rotary  drills  are  used  and  the  coal  is  broken 
by  the  use  of  black  powder.  Dynamite  or  giant  powder  is  used 
largely  for  rock  work  and  sometimes  for  driving  gangways  in  coal. 
Dynamite  shatters  the  coal  so  badly  that  it  is  not  used  extensively 
for  the  mining  of  coal.  The  coal  is  not  undercut  as  a  general  rule, 
and  it  is  only  recently  that  special  mining  machines  have  been  devel- 
oped for  the  anthracite  field. 

Table  50  shows  the  amount  of  explosives  used  in  the  anthracite 
fields  from  1899  to  1913.  It  will  be  noted  that  the  increase  in  the 
amoimt  of  dynamite  used  has  been  about  fivefold  since  1899,  whereas 
the  amount  of  black  powder  used  has  increased  only  about  one-third. 
In  1909  permissible  explosives  were  introduced  into  the  anthracite 
mines  and  in  five  years  the  quantity  used  has  increased  from  666,807 
pounds  to  3,323,645  poimds  in  1913.  The  fatalities  due  to  the  use  of 
explosives  in  the  anthracite  mines  are  given  in  Table  49. 

Every  known  form  of  haulage  is  to  be  foimd  in  the  anthracite 
mines;  the  main  ones  are  indicated  in  Table  54.  The  number  of 
horses  and  mules  used  in  the  mines  has  remained  practically  the  same 
since  1898,  averaging  about  15,000  per  year.  The  number  of  steam 
locomotives  used  has  almost  doubled,  whereas  the  number  of  electric 
locomotives  has  increased  from  24  in  1898  to  781  in  1913.  The  num- 
ber of  compressed-air  locomotives  has  increased  from  10  in  1898  to 
161  in  1913.  Cars  are  usually  gathered  from  the  rooms  by  mules 
except  where  the  grade  is  sufficient  to  run  the  cars  out  by  gravity. 
The  cars  vary  in  size  from  70  to  140  cubic  feet  and  in  capacity  from 
If  to  4  tons.  They  are  usually  buUt  of  wood  with  iron  bands, 
although  steel  cars  have  been  introduced  in  recent  years. 

BEPOBTABLE    ACCIDENTS   AND   OBGANIZATION   OF  INSPECTION 

SEBVIOE. 

The  official  inspection  of  coal  mines  in  Pennsylvania  was  estab- 
lished by  an  act  approved  April  12,  1869,  applicable  only  to  anthra- 
cite mines  in  Schuykill  County.  The  appointment  of  the  inspector 
was  vested  in  the  governor,  and  the  inspector  was  required  to  inves- 
tigate the  cause  of  every  accident  resulting  in  death  or  serious  injury. 
Mine  operators  were  required  to  report  to  the  inspector  within  24 
hours  all  accidents  resulting  in  death  or  personal  injury.  The  inspec- 
tor rendered  annual  reports  to  the  governor  and  enumerated  therein 
all  accidents  in  and  about  the  mines. 

An  act  approved  March  3,  1870,  terminated  the  services  of  the 
inspector  appointed  under  the  act  of  April  12,  1869,  and  authorized 
the  governor  to  appoint,  upon  the  recommendation  of  the  examining 
boards,  six  mine  inspectors — three  for  the  counties  of  Luzerne  (includ- 
ing what  is  now  Lackawanna  County)  and  Carbon  and  three  for  the 
counties  of  Schuylkill,  Dauphin,  Northumberland,  and  Columbia, 
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Annual  reports,  in  which  all  accidents  were  enumerated,  were  rendered 
to  the  governor.  An  act  approved  April  5,  1870,  divided  the  inspec- 
tion counties  into  two  districts  and  authorized  the  appointment  for 
each  district  of  a  clerk,  to  whom  the  inspectors  were  required  to 
render  monthly  reports  of  deaths  and  injuries. 

On  May  9,  1871,  an  act  was  approved  requiring  coal  companies  in 
counties  where  there  was  no  inspector  to  furnish  a  report  of  all  acci- 
dents to  the  auditor  general,  who  was  required  to  publish  an  annual 
report  and  state  therein  the  causes  of  such  accidents.  The  auditor's 
report  was  published  under  the  title  of  '^Mineral  Statistics  of  Penn- 
sylvania." The  act  of  April  25,  1873,  transferred  the  authority  to 
appoint  the  mine  inspectors  from  the  governor  to  a  majority  of  the 
board  of  examiners  provided  for  by  the  act  of  March  3,  1870,  but  the 
appointive  power  was  again  vested  in  the  governor  by  an  act  ap- 
proved May  18,  1878.  On  June  30,  1885,  an  act  was  approved 
applicable  to  all  anthracite  mines  employing  more  than  10  men. 
The  anthracite  counties  were  divided  into  seven  districts  and  the 
inspectors  were  required  to  render  annual  reports  to  the  secretary  of 
internal  affairs.  The  number  of  inspection  districts  was  increased  to 
eight  by  an  act  approved  June  2,  1891.  An  act  of  July  15,  1897, 
made  it  unlawful  to  employ  as  a  miner  any  person  not  holding  a  cer- 
tificate of  competency  from  the  miners'  examining  board  established 
by  the  act.  An  act  of  July  15,  1897,  established  a  bureau  of  mines 
in  the  department  of  internal  affairs. 

An  act  approved  June  8,  1901,  effective  January  1,  1902,  changed 
the  manner  of  selecting  the  mine  inspectors  by  making  the  office  elec- 
tive instead  of  appointive.  The  number  of  elective  districts  was 
reduced  to  6,  but  the  number  of  inspectors  was  increased  to  15.  It 
was  provided  that  the  inspectors  should  be  elected  from  among  a  list 
of  eligibles  certified  to  the  secretary  of  state  by  the  examining  board. 
The  inspectors  so  elected  rendered  monthly  reports  to  the  chief  of  the 
Bureau  of  Mines  and  also  rendered  annual  reports  to  the  secretary  of 
internal  affaii^. 

An  act  of  April  14,  1903,  established  the  department  of  mines. 

On  May  3,  1905,  an  act  was  approved  increasing  the  number  of 
districts  to  7,  and  the  number  of  inspectors  to  20,  and  requiring  the 
inspectors  to  make  annual  reports  to  the  chief  of  the  department  of 
mines.  An  act  of  May  5,  1911,  provided  for  8  elective  districts  and 
21  inspectors,  and  an  act  of  June  1,  1915,  increased  the  number  of 
anthracite  inspectors  to  25. 

Under  the  inspection  laws,  it  is  th^  practice  of  the  operators  to 
report  to  the  district  inspectors  all  injuries  causing  disability  for  6 
days  or  more.  The  district  inspectors,  in  their  reports  to  the  depart- 
ment of  mines,  omit  accidents  of  a  less  serious  nature,  so  that  only 
the  more  serious  injuries  are  published  in  the  annual  report  of  the 
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department  of  mines.  The  department  has  not  officially  defined 
a  serious  injury,  and  it  is  left  to  the  descretion  of  each  district  inspec- 
tor as  to  which  of  the  accidents  reported  to  him  by  mine  operators 
may  be  eliminated  from  his  report  to  the  department. 

ACCIDENTS. 

Tables  124  and  125  show  the  total  nimiber  of  men  employed  and 
the  number  of  men  killed  from  the  beginning  of  inspection  service  in 
1870  to  date.  During  the  period  1870  to  1913,  inclusive,  17,716 
fatalities  occurred  in  and  about  the  anthracite  mines,  representing  a 
rate  of  3.42  per  1,000  men  employed.  The  amoimt  of  coal  mined  per 
fatality  was  124,968  tons,  or  there  were  8  fatalities  per  million  tons 
mined. 

Table  125  shows  the  number  of  fatalities  by  causes,  in  conformity 
with  the  latest  reports  of  the  State  mine  inspector  and  so  adapted  as 
to  conform  with  the  standard  form  used  by  the  Bureau  of  Mines. 
This  classification  gives  much  more  detail  than  is  ordinarily  available, 
and  it  is  beUeved  will  be  of  material  assistance  to  operators,  inspec- 
tors, and  others,  who  are  making  a  study  of  mine  accidents,  their 
causes,  and  their  prevention. 

Of  the  total  number  of  fatalities  that  have  occurred  during  this 
period,  41.65  per  cent  was  due  to  falls  of  roof  and  coal;  13.56  per  cent 
to  mine  cars  and  locomotives;  10.10  percent  to  explosives;  and  7.59 
per  cent  to  explosions  of  gas.  The  percentage  of  fatalities  due  to 
explosives  in  the  anthracite  mines  is  practically  5  times  that  in  the 
Pennsylvania  bituminous  fields,  given  in  tables  relating  thereto, 
whereas  the  rate  per  1,000  men  employed  is  7  times  as  high  as  it  is  in 
the  bitimiinous  fields  of  the  State. 

Since  1869  to  the  end  of  1914  there  have  been  in  the  anthracite  field 
80  accidents  in  each  of  which  5  or  more  men  have  been  killed  at  one 
time.  A  complete  list  of  these  disasters  is  shown  in  the  accompany- 
ing table. 

FATALITIES  IN  PENNSTLVANIA  ANTHRACITE  COAL  MINES.  BY  PRINCIPAL  CAUSES 

DURING  THE  YEARS  1870  TO  1913,  INCLUSIVE. 


Cause  of  accident. 


Undersround: 

Fall  of  roof  and  pillar  (coal,  rock,  etc.) 

Mine  cars  and  locomotives 

Gas  explosions 

Explonves 

Miscellaneous 

Shaft 

8ur&K» 

Total,  44  years 


Number  killed. 


ToUl. 


7,378 
2,403 
1,344 
1,790 
1,637 
843 
2,321 


17,716 


Per  cent. 


41.65 

13.56 

7.59 

laio 

9.24 

4.76 

13.10 


100.00 


Per  1,000 

em- 
ployed. 


L42 
.46 
.26 
.35 
.32 
.16 
.45 


3.42 
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ACCIDENTS  IN  PENNSTLTAIVIA  ANTHIKACITE  MINES  IN  WHICH  5  OR  MORE  MEN  WERE 

KILLED. 


Date. 


1847    Feb.— 

1889  Sept.  6 

1870    Mar.  22 

1870    Aug.  10 

1870  Aug.  29 

1871  May  27 

1871    Oct.  2 

1873  June  10 

1877  May9 

1878  Jan.  15 

1879  May  6 

1880  Mays 

1882   May  24 

1884  Aug.  21 

1885  Apr.  6 

1885  Aug.  11.... 

1885    Od;.21 

1885  Dec  18 

1886  Aug.aO.... 
1886  8q;>t.l3.... 

1886  Nov.26.... 

1887  Apr.  27 

1880    MayO 

1890  Feb.l 

1890   Mar.  3 

1890   Apr.  2 

1890   May  15 

1801    Feb.  4 


Name  of  mine. 


8x)encer . . . 
Avondale. 
Potts 


Bebis  &  Glaaemire. 

Preston  No.  3 

West  Ptttston 


Otto  Red  Ash.. 

Henry  Clay 

Wadesville 

Potts 

Audenried 

Lykens  Valley . 

Kohinoor 

Buck  Ridge.... 

Cuyler 

West  End. 


Plymouth  No.  2. 
Nantlcoke  No.  1. 


Fair  Lawn. 
Marvine.... 


Conynffham. 
Tunnel. 


Kaska  William. 


1891  Oot.23. 

1891  Nov.  8. 

1892  Apr.  20. 

1892  July  23. 
1898  Apr.l.. 

1893  June  22. 
1898  Sept.  21 

1894  Feb.  13. 
1894  July  17. 
1894  Oct.  8.. 
1894  Oct.  11. 
1896  Feb.  18. 
1896  Oct.  7.. 
1890  June  28. 

1896  Oct.  29. 

1897  Jan.  13. 

1897  Sept.  28 

1897  oct.ao. 

1898  May  26. 

1898  Oct.l.. 

1896  Nov.  5., 

1900  Nov.O., 

1901  Oct.  25. 

1902  Nov.  29. 
1902  Dec.9.. 
1904  Jan.  30. 
1901  May  5... 
1904  Mays.. 
1904  May25. 

1904  Nov.  2.. 
1906  Feb.  18. 

1905  Mar.  9.., 

1906  Apr.  26. 
1906  May  15.. 


Nottingham 

Shaft  NoTs 

Susquehanna  No.  4 . . 

Jersey  No.  8 

Spring  Mountain  No.  1 


Richardson. 


Susquehanna  No.  1 . 
Lytle 


York  Farm 

Neilson 

Susquehanna  No.  1 . 

Lance  Nail 

Gaylord 

East  Sugar  Loaf.... 

LukeFidler 

Henry  Clay 

West  Bear  Ridge... 

Donrance 

Twin 

Shaft  No.  3 

WadesvlUe 


Jermyn  No.  1 . . 

VonStorch 

Kaska  William. 


Midvale. 
Exeter.. 


Buck  Mountain 

Buttonwood 

LukeFidler 

South  Wilkes-Barre. 

Maple  Hill 

Lance 

Locust  Gap 

Williamstown 


Auchincloss 

Lytle 

Clear  Spring 

C<Hiynghani. 

Shenandoah  City. 


Location  of  mine. 


Pottsville.. 
Plymouth.. 
Potts  mine. 


Mlddleport.... 
GlrardviUe — 
West  Pittston. 


Branch  Dale. 

Shamokin 

Wadesville... 
Locust  Dale.. 
Audenried... 
Shamokin.... 
Shenandoah.. 
Shamokin.... 
Raven  Run.. 
Mocanaqua.. 


Plymouth.. 
Nantlcoke.. 


Scranton. 
do... 


Wilkes-Barre. 
Ashland 


Mlddleport. 


Plymouth 

South  WUkes-Barre. 

Nantiooke 

Ashley 

JeanesvUle 


GlencarboQ. 


Nanticoke.. 
MinersviUe. 


Pottsville 

Shamokin 

Nanticoke 

Plymouth. 

.....do 

Stockton 

Shamokin 

do 

Mahanoy  Plane 

Wilkes-Barre 

Pittston 

South  Wilkes-Barre. 
Wadesville 


Rendham.. 
Scranton... 
Middleport. 


Wilkes-Barre.. 
West  Pittston. 


Mahanoy 

Plymouth 

shamokin 

South  Wilkes-Barre. 

Mahanoy  City 

Plymouth 

Locust  Gap 

Williamstown 


Nature  of  accident. 


Nanticoke 

Mlnersville 

West  Pittston. 
Wilkes-Barre.. 
Shenandoah. . . 


Mine  explosion 

Mine  fire 

Explosion  of  breaker 

boilers. 
Cage  fell  down  shaft. . 

Fell  down  slope 

Smoke  from  ouming 

breaker. 

Mine  explosion 

....do 

....do 

do 

Mine  fire 

Mine  explosion 

do... 

Mine  fire 

Fall  of  roof 

Gas  from  boiler  fires 

in  mine. 

Mine  explosion 

Buried  oy  inru^  of 

quicksand. 

Mine  explosion 

Suffocated  by  inrush 

of  mine  gas. 

Mine  explosion 

Suffocated  by  inrush 

of  mine  gas. 
Mine  car  fell  on  men 

in  cage. 

Mine  explosion 

do 

do 

do 

Drowned   by   inrush 

of  water  from  aban- 
doned workings  and 

asphyxiated  by  ms 

from  fire  buiit  py 

imprisoned  men. 
Impnsoned  by  rush  of 

coal  and  suffocated 

by  mine  gas. 

Mine  explosion 

Drowned  by  w  a  t  e  r 

from  old  workings. 

Mine  explosion 

Mine  fire 

Mine  explosion 

do 

Fall  of  roof 

Dynamite  explosion. . . 

Mine  fire 

Boiler  explosion 

Mine  explosion 

do 

Fall  of  roof 

Mine  explosion 

Crosshead  fell  down 

shaft. 

Mine  fire 

do 

Drowned    by    water 

from  old  workings. 

Mine  fire 

Mine  car  fell  on  men 

in  cage. 

Mine  explosion 

do... 

do 

Dynamite  explosion. . . 

do 

do 

Mine  fire 

Suffocated  by  gases 

from  locomotive. 

Fell  down  shaft 

Fall  of  roof 

Fell  down  shaft 

do 

Dynamite  explosion. . . 


Killed. 


7 

179 

5 

9 

7 

20 

5 

10 

7 

5 

0 

5 

5 

7 

10 

10 

6 
26 

0 

8 

12 
6 

10 

8 
8 
5 

26 
13 


12 
10 

15 

10 
6 
0 

13 
8 
5 
6 
5 
7 

58 
6 
5 

5 
A 
6 

5 
9 

7 
6 
7 
6 
5 
5 
5 
10 

10 
5 

7 
10 

7 
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ACX:3D£NTS  IN  PBNNSTLTANIA  ANTHBACITB  MINES  IN  WHICH  5  OR  If  ORE  MEN  WERE 

KILLED^-Gontlnued. 


Date. 

Name  of  mine. 

Location  of  mine. 

Nature  of  accident. 

Kflled. 

1906    Aug.  6 

BufMuehanna  No.  7. . . 
Holden 

Nanticoke... .  t 

Mine  exnloslon a 

1907    Mar.2 

Taylor 

-f^^do!?.?^^: ::.:::: 

7 

1907   June  18 

ilohiuon  No.  1 

Priceburg 

do 

7 

1908   Mayl2 

Mount  I^ookout 

Prospect 

Wyoming-        -   r        ,  ,    r  ^  .  .    r  - 

do 

12 

1908    Mayl3 

Wllkes-^arre 

Fall  of  roof 

5 

1908   July  15 

Willjamstovm 

Wf  lli^TTtAtnwn . . 

Powder  explosion 

Mine  cars 

6 

1908  Aug.  28 

1909  Mar.2 

Wftirlor  R^m, , 

Wilkes- Barre 

6 

No.l4 

Plttston 

Mine  explosion 

Mine  fire 

8 

1909    Nov.9 

Auchincloss 

Nanticoke 

g 

1910   Jan.  11 

Nntlinp^AITf  , , 

Plymouth 

Mine  explosion 

do... 

7 

1910    Mar.  12. 

South     Wilkes- Barre 
No.  5. 

Price-Panooast 

Cameron 

Wflkes-Barre 

7 

1911    Apr.  7..... 

Throop 

Mine  fire 

72 

1911    May27 

Shamokin 

Mine  explosion 

Mine  cars 

5 

1911    8ept.l2 

1911    Oct.  3 

Marvin 

Scranton 

5 

DriftonNo.  2 

Freeland 

Cave-in 

5 

1912   Jan.  9 

Parrish 

Plymouth 

Mine  explosion . . 

do 

6 

1913    \ue.  2 

East  Drookside 

Marvd 

Toww  City 

19 

1914    May  20 

Maryd 

Overwinding  of  cage . . 

Mine  explosion 

Collapse  of  bottom  of 

cage. 
Mine  explosion 

6 

1914    Sept.  16 

1914    Dec.  9 

LohLdiNo.  4 

T-anffford ,...., 

7 

TrloD 

Scranton .... 

13 

1915    Feb.  17 

Prospect 

Wilkee-Barre 

13 

Since  1903,  the  Pennsylvania  anthracite  mines  have  been  operated  on 
a  9-hoiir  working  day,  and,  for  comparison  with  other  States  in  which 
the  mines  are  operated  8  or  10  hours,  Table  40  has  been  compiled. 
The  table  shows  that  the  number  of  hours  worked  per  year  per  man 
in  the  anthracite  field  is  1,985,  as  compared  with  2,034  for  the  bitu- 
minous field.  The  fatality  rate  in  the  anthracite  field  based  on  the 
actual  number  of  employees  is  3.73,  during  the  10-year  period  1903  to 
1913,  except  1909,  whereas  based  on  the  number  of  2,000-hour 
workers  it  is  3.76.  The  difference  in  this  instance  is  slight,  but  for 
Ohio,  where  the  hours  worked  per  year  are  1,495,  the  fatality  rate 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  PENNSYLVANIA  ANTHRAGEnS 

MINES    AND    THE    FATALITY    RATE    BASED    ON    THE    NUMBER    OF    2^000-HOUR 
WORKERS. 


Year. 


1903.. 
1904.. 
1905.. 
1906.. 
1907.. 
1906.. 
1909b. 
1910.. 
1911.. 
1912.. 
1913.. 


Days 
worked. 


206 
200 
215 
195 
220 
200 


Total  boors 
per  day.a 
(all  em- 
ployees.) 


1,354,347 
1,402,749 
1,488,654 
1,461,195 
1,505,106 
1,567,566 


Total  hours 
per  year. 


278,995,482 
280,549,800 
320,060,610 
284,933,025 
331,123,320 
313,513,200 


Number 

of  2,000 

hour 

workers. 


139,498 
140,275 
160,031 
142,467 
165,562 
156,757 


Fatalities. 


Tot«l. 


518 
595 
644 
557 
708 
678 


Per 
1,000 

t.0OO- 
hour 

work- 
en. 


S.71 
4.84 

4.08 

s.n 

4.88 
4.88 


229 
246 
231 
257 


1,525,473 
1,565,460 
1,566,270 
1,581,705 


349,333,317 
385,103,160 
361,808,370 
406,498,185 


174,667 
192,551 
180,904 
203,249 


a  Calculated  on  the  &-hour  basis. 


f>  Census  year. 


601 
699 
601 
618 


8.44 
8. 68 
8.88 

8.04 
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STATISTICS   OF   STRIKES   AND   LOCKOUTS   IN   AND   ABOUT   THE   PENNSTLTABHA 

ANTHRACITE  MIN£S.a 


Year. 


18W. 
1900. 
190L 
1902. 
1903. 
1904. 
1906. 
1906. 


Number 

of  men 

affected. 


b 100, 000 


6  145,000 


2,228 
161,039 


Total  days 
lost. 


63,500,000 


614,210,000 


34,103 

33,986 

5,068,443 


Average 
number 
of  days 
lost  per 
man. 


635 


608 


15 

7 

37 


Year. 


1907. 
1906. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 


Number 

of  men 

affected. 


771 

2,853 

5,900 

151,958 

64,086 

26,115 


Total  days 
lost. 


8,016 

15,739 

36,958 

6,913,475 

481,678 

179,743 


Average 
number 
of  days 
lost  per 
man. 


10 
6 
6 

45 
8 
7 


a  Compfled  from  annual  volumes  of  Mineral  Resources,  U.  S.  Geol.  Survey.        6  Approximate. 

based  on  the  actual  number  of  men  employed  is  2.94,  and  on  the  num- 
ber of  2,000-hour  workers  is  3.94.  The  fatality  rate  in  Ohio  on  this 
basis  more  nearly  equals  the  rate  in  the  anthracite  field  than  when 
based  on  the  actual  number  of  employees.  From  these  tables,  com- 
parisons with  other  States  may  be  readily  made.  The  tables  of  sta- 
tistics for  the  anthracite  mines  of  Pennsylvania  follow: 
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PENNSTLTANIA  (BFTUMIlfOUS). 

ABEA  AND  DISTBIBT7TION  OF  COAX  FIELDS. 

The  bituminoTis  coal  fields  of  Pennsylvania  are  in  the  western  and 
southwestern  part  of  the  State,  and  comprise  the  northern  end  of 
the  great  Appalachian  series  of  coal  measures.  The  fields  include 
about  14,200  square  miles,  covering  12  counties  and  parts  of  21  other 
counties.  The  structure  conforms  to  the  sjrstem  of  Appalachian 
folding  in  long  northeast-southwest  waves,  locally  modified  more  or 
less  by  minor  cross  folds.  In  the  northwestern  part  of  the  area 
the  strata  gently  undulate,  with  extremely  slight  dips,  generally 
of  but  a  few  feet  to  the  mile,  but  in  passing  eastward  these  undulations 
increase  to  well-marked  folds  along  the  eastern  margin  of  the 
main  body  of  the  coal  field. 

CHABACTEB  OF  COAL  BEDS. 

The  bituminous  coal  fields  of  Pennsylvania  are  described  by  Parker** 
as  follows: 

The  coal-bearing  rocks  all  belong  to  the  PennBylvania  series  and  have  a  total  thick- 
ness in  the  southwest  comer  of  the  State  of  about  2,600  feet.  The  great  bulk  of  the 
coal  mined  comes  from  the  Allegheny  and  the  Monongahela  formations,  formerly 
known  as  the  "Lower ".and  the  "Upper  Productive  Coal  Measures.**  Below  the 
Allegheny  formation  is  the  Pottsville,  containing,  in  the  western  part  of  the  State, 
the  Sharon  and  the  Mercer  coals,  which  have  been  worked  only  in  restricted  areas. 
The  Allegheny  formation,  with  a  thickness  of  250  to  350  feet,  contains  at  least  seven 
coal  horizons,  all  of  which  yield  workable  coal  locally.  They  are  called,  beginning 
at  the  bottom,  the  Brookville,  Clarion,  Lower  Kittanning,  Middle  Eittanning,  Upper 
Kittanning,  Lower  Freeport,  and  Upper  Freeport  coals.  It  is  now  definitely  recog- 
nized that  the  coals  of  these  horizons  do  not  occur  in  continuous  beds,  and  in  many 
cases  not  in  exactly  the  same  horizons;  yet  it  is  clear  that  the  corresponding  geologic 
horizons  mark  times  of  conditions  generally  favorable  for  coal  formation,  and  that  no 
coal  of  wide  extent  is  found  at  other  levels.  As  a  rule,  the  coal  beds  are  not  character- 
ized by  details  of  section,  roof,  or  floor  by  which  they  can  be  clearly  recognized,  except 
over  limited  parts  of  the  field.  No  one  of  them  is  continuously  workable,  but  the 
Lower  Kittanning  and  the  Upper  Freeport  coals  are  widely  workable,  and  the  Lower 
Freeport  has  a  splendid  development  over  several  counties  in  the  northeast  part  of 
the  field.  The  Brookville  or  A  coal  is  of  workable  thickness  in  spots  over  a  large  part 
of  the  marginal  belt  of  the  coal  measures,  especially  in  Je£ferson,  Clearfield,  Center, 
Cambria,  and  Somerset  counties.  The  Clarion  or  Af  coal  reaches  workable  thickneSB 
in  about  the  same  belt,  though  the  two  are  seldom  of  workable  thickness  in  the  same 
section.  Both  of  these  coals  are  apt  to  be  impure  when  thick.  The  lower  Kittanning 
tor  B  coal  is  the  most  persistent,  uniform,  and  reliable  of  the  Allegheny  coals,  although 
it  is  thinner  than  the  Freeport  coals,  seldom  exceeding  a  thickness  of  4  feet.  It  is 
exposed  in  workable  thickness  and  piu'ity  in  II  of  the  counties.  The  Middle  and  the 
Upper  Kittanning  horizons,  C  and  C^,  contain  but  little  workable  coal,  though  the 
Upper  Kittanning  shows  cannel  coal  at  a  number  of  points  and  stands  fourth  in  pro- 
ductivity. The  Lower  Freeport  coal,  D,  is  finely  developed  in  Clearfield,  Jefferson, 
Indiana,  and  Cambria  counties — ^in  the  well-known  Moshannon  (Clearfield),  Rey- 
noldsville-Punxsutawney,  and  Bamesboro-Patton  basins.  Over  most  of  the  rest  of 
the  territory  this  seam  is  either  worthless  or  of  too  low  grade  for  competition  in  the 
present  market.  The  Upper  Freeport  or  E  coal  is  a  variable  and  complex  bed,  ex- 
tending in  gross  workable  thickness  over  most  of  its  area,  although  over  a  considerable 

a  Park«r,  £.  W.,  Coal:  lliiMral  Resources  of  the  United^States  for  1910,  U.  8.  QeoL  Survey,  pt.  2  p.  106. 
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part  of  this  tenitoiy  it  is  too  much  broken  up  and  too  impure  for  profitable  mining. 
It  appears  to  be  entirely  absent  in  some  localities. 

As  a  whole,  the  Allegheny  formation  yields  about  40  per  cent  of  the  total  output 
of  bituminous  coal  in  the  State. 

For  about  600  feet  above  the  Upper  Freeport  bed  occurs  the  Conemaugh  formation 
or  *' Lower  Barren  Measures."  It  contains  six  or  more  coals,  which,  however,  are 
workable  only  in  very  restricted  areas,  their  best  development  being  found  in  the 
Berlin  Basin  in  Somerset  County. 

Just  above  the  Conemaugh  formation  lies  the  Pittsbuigh  coal,  the  most  uniform  in 
quality  and  thickness,  and  for  a  given  area  the  most  valuable  coal  bed  in  the  bitu- 
minous field  of  Pennsylvania.  Although  not  of  as  high  a  grade  as  the  best  All^heny 
coals  to  the  east,  and  although  varying  greatly  in  quality  from  east  to  west,  on  the 
whole  the  PiEtsburgh  coal,  on  account  of  its  thickness,  its  regularity,  its  high  grade, 
its  adaptability  for  the  production  of  coke  and  illuminating  gas,  has  long  been  the 
most  famous  bituminous  coal  bed  in  America.  It  is  confined  to  the  southwestern 
part  of  the  State.  The  bed  gives  9  feet  of  available  coal  over  large  areas,  and  seldom 
runs  under  4  feet.  Above  the  Pittsburgh  coal  occur  the  Redstone,  Sewickley, 
Uniontown,  and  Waynesbuig  coals,  which  are  of  good  workable  thickness  locally, 
but  in  the  presence  of  the  great  Pittsbuigh  coal  are  but  little  mined. 

METHODS  OF  MINING. 

The  earliest  records  of  the  United  States  Geological  Survey  show 
that  bituminous  coal  has  been  mined  in  Pennsylvania  since  1840. 
Most  of  the  bituminous  coal  mines  of  Pennsylvania  are  opened  by 
drift  from  the  outcrop,  or  by  a  gentle  slope  down  the  dip  of  the  bed. 
There  are  but  few  relatively  deep  mines  as  compared  with  the  deep 
coal  mines  of  Europe,  the  anthracite  fields  of  Pennsylvania,  or  the 
metal  mines.  In  the  earUer  years  of  the  industry  many  of  the 
mines  were  opened  by  single  entry,  but  in  recent  years  the  larger 
operations  and  newer  mines  are  opened  by  double  or  triple  entry. 
TTie  room-and-pillar  system  is  used  throughout  the  bituminous 
fields  of  Pennsylvania. 

In  1896  about  12  per  cent  of  the  coal  was  reported  as  being  mined 
by  machines.  The  amount  of  coal  produced  by  machines  has 
steadily  increased  until  in  1914  it  was  53.8  per  cent.  Shooting  off 
the  solid  is  not  extensively  practiced,  the  total  amount  of  coal  thus 
produced  being  less  than  3  per  cent.  About  35  per  cent  of  the 
coal  is  reported  as  being  mined  by  hand.  In  1914,  there  were  6,326 
machines  in  operation. 

Table  54  shows  the  increase  in  mechanical  haulage  in  the  bitumi- 
nous mines  from  1899  to  the  close  of  1913.  In  1899  there  were 
122  electric  locomotives  in  operation  and  in  1913,  1,933.  The 
number  of  compressed-air  locomotives  has  also  increased  from  13 
in  1899  to  168  in  1913.  The  number  of  mules  and  horses  used  in 
undergrotmd  haulage  has  practically  doubled  since  1898.  The 
amount  of  black  powder  (Table  50)  used  in  the  bituminous  coal 
mines  has  a  little  more  than  doubled  since  1899,  whereas  the  use 
of  dynamite  increased  gradually  from  1899  to  1907.  Since  1907 
the  amoimt  of  dynamite  used  has  decreased  rapidly,  and  has  largely 
been  replaced  by  the  use  of  permissible  explosives. 
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BEPOBTABLE    ACOTDBNTS   AND   OBOANIZATION  OF  INSPBCTION 

SEBVICE. 

The  first  law  providing  for  the  inspection  of  bituminous  mines  in 
Pennsylvania,  approved  April  18,  1877,  applied  to  all  mines  employ- 
ing more  than  10  men,  except  mines  which  did  not  generate  fire  damp, 
black  damp,  or  other  dangerous  or  noxious  gases.  A  board  of 
examiners  was  provided  for  the  purpose  of  examining  appUcants 
for  appointment  as  mine  inspector.  From  a  hst  of  digibles  thus 
established  the  governor  was  authorized  to  appoint  three  inspectors, 
one  for  each  of  three  districts  into  which  the  bituminous  coal  fields 
were  to  be  divided  by  the  examining  board.  Each  inspector  was 
required  to  examine  all  mines  in  his  district  as  olten  as  possible, 
to  make  a  record  of  such  examinations,  showing  the  number  of 
employees,  number  of  deaths  and  injuries  in  and  about  the  mines, 
and  to  file  a  record  thereof  each  month  in  the  office  of  the  secretary 
of  internal  affairs,  to  be  included  by  the  secretary  in  the  annual 
report  of  his  department.  Operators  were  required  to  notify  the 
district  inspector  of  all  fatal  and  serious  accidents,  and  on  receiving 
such  notice  the  inspector  was  required  to  visit  the  mine  and  investi- 
gate the  cause  of  the  accident. 

An  act  approved  May  25, 1878,  repealed  the  provision  in  the  law  of 
April  18,  1877,  which  exempted  from  the  inspection  law  those  mines 
which  did  not  generate  fire  damp,  black  damp,  or  other  noxious  or 
dangerous  gases.  The  law  of  June  3,  1881,  increased  the  nimiber  of 
inspection  districts  to  four,  and  the  number  was  further  increased  to 
six  by  an  act  approved  June  13, 1883.  The  latter  law  also  required  the 
inspectors  to  make  annual  reports  to  the  secretary  of  internal  affairs. 

On  June  30,  1885,  the  examining  board  was  authorized  to  divide 
the  bituminous  coal  fields  into  eight  districts,  the  governor  to  appoint 
a  mine  inspector  for  each  district.  An  act  approved  May  15,  1893, 
authorized  the  examining  board  to  further  divide  the  bituminous 
fields  into  districts  of  not  less  than  60  mines  nor  more  than  80  mines, 
and  the  governor  was  authorized  to  appoint  an  inspector  for  each 
district  established  by  the  board. 

The  number  of  inspectors  was  increased  in  1894  to  10,  in  1901  to 
12,  in  1903  to  15,  m  1905  to  16,  i^  1906  to  18,  in  1907  to  20,  m  1909  to 
21,  in  1911  to  25,  m  1912  to  26,  m  1913  to  28,  and  in  1915  to  30. 

Mine  foremen  were  required  to  make  monthly  reports  to  the  dis- 
trict inspector  showing  aQ  accidents  resulting  in  personal  injury  to 
mine  employees.  On  June  9,  1911,  an  act  was  approved  by  which 
the  State  was  divided  into  25  bitiuninous  districts  and  the  chief  of  the 
department  of  mines  was  authorized  to  increase  the  number  of  dis- 
tricts with  the  approval  of  the  governor.  The  district  inspectors 
were  directed  to  render  both  monthly  and  annual  reports  to  the  chief 
of  the  department  of  mines,  and  to  enumerate  all  accidents  in  and 
about  the  mines. 
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Under  the  inspection  laws  it  is  the  practice  of  the  operators  to  report 
to  the  district  inspectors  all  injuries  causing  disability  for  6  days  or 
more.  The  district  inspectors,  in  their  reports  to  the  department  of 
mines,  omit  accidents  of  a  less  serious  nature,  so  that  only  the  more 
serious  injuries  are  published  in  the  annual  report  of  the  department 
of  mines.  The  department  has  not  officially  defined  a  serious  injiiry, 
and  it  is  left  to  the  discretion  of  the  district  inspectors  as  to  which  of 
the  accidents  reported  to  them  by  mine  operators  may  be  eliminated 
from  their  reports  to  the  department. 

ACCIDENTS. 

Tables  126  and  127  show  the  production  of  coal,  number  of  men 
employed,  and  the  number  of  fatalities  in  and  about  the  bituminous 
coal  mines  of  Pennsylvania.  The  record  of  the  nimiber  of  men  em- 
ployed and  the  fatalities  is  complete  from  the  beginning  of  inspection 
service  in  1877  to  the  end  of  1913.  The  fatalities,  as  shown  in  the 
accompanying  tables,  have  been  compiled  from  the  annual  volumes  of 
the  State  mine  inspectors'  reports.  In  a  few  instances  slight  changes 
have  been  introduced,  owing  to  the  fact  that  some  of  the  earlier  in- 
spectors' reports  included  accidents  at  coke  ovens,  and  others  included 
deaths  due  to  natural  causes.  In  all  cases  where  sufficient  informa- 
tion was  given,  aU  fatalities  that  occurred  which  were  foreign  to  the 
mining  operations  have  been  excluded  from  the  tables. 

During  the  37-year  period  1877  to  1913,  inclusive,  there  were  9,473 
fatalities  attributed  directly  to  the  coal-mining  industry.  This  rep- 
resents a  fatality  rate  of  2.87  per  1,000  men  employed.  The  amoimt 
of  coal  mined  per  fatality,  during  the  entire  period,  was  271,832  tons, 
or  there  were  3.68  fatalities  per  million  tons  mined.  Since  1879, 
there  have  been  37  mine  disasters  in  each  of  which  5  or  more  men 
were  killed  at  one  time,  the  total  fatalities  thus  represented  being 
1,268,  or  about  13  per  cent  of  the  entire  number  since  1877.  Of  the 
total  number  of  fatalities,  56.93  per  cent  was  due  to  falls  of  roof ; 
15.33  per  cent  to  mine  cars  and  locomotives;  and  13.82  per  cent  to 
gas  and  dust  explosions.  The  fatality  rate  due  to  explosives  is  ex- 
ceedingly low,  being  only  1.95  per  cent  of  the  total,  as  compared  with 
24.81  per  cent  in  Kansas,  19.44  per  cent  in  Indiana,  13.47  per  cent  in 
Illinois,  and  3.27  per  cent  in  West  Virginia. 

FATALITIES  IN  PENNSYLVANIA  BITUliaNOUS  COAL  MINES,  BY  PRINCIPAL  CAUSES 

DURING  THE  YEARS  1877  TO  1913.  INCLUSIVE. 


Cause  of  accident. 


Undereroand: 

Fail  of  roof  and  pillar  (ooal,  rock,  etc.) 

lOne  cars  and  looomotives 

Qas  and  dust  axpioeioDS. 

Explosives 

UisoeUaneoiis. 

Shaft 

Surftea 

Total,  36  years 


Number  killed. 


Total. 


5,303 
1,462 
1,309 
185 
512 
217 
405 


0,473 


Percent. 


56.93 
15.33 
13.82 
1.95 
6.40 
2.29 
4.28 


100.00 


Per  1,000 

em- 
ployed. 


1.64 
.44 
.40 
.05 
.16 
.06 
.12 


2.87 
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ACCIDENTS  IN  PENNSYLVANIA  BITUMINOUS  MINES  IN  WHICH  5  OR  MORE  MEN 

WERE  KILLED. 


Date. 

Name  of  mine. 

Location  of  mine. 

Nature  of  accident. 

Number 
kiUed. 

1879    Nov.  2 

Mm  Creek 

Mill  Greek 

Mine  explosion 

5 

1884    Feb.  20 

West  Leisenrlng 

YounKSto^'Ti . . .  r 

W^t  T/flisflnHng 

19 

1884    Oct.27 

U  niontown. . . .  T. 

do 

14 

1887    Oct.  1 

Bast.. 

Biff  Mine  "RnTi 

Sofiocated  by  inrush 

of  mine  gas. 
Powder  and  coal-dust 

explosion. 
Mine  fire 

5 

1888    Nov.  3 

Kettle  Creek 

Clinton  County 

D^lTlhV  .  -  r - 

17 

1890   June  Id 

HUlFarm 

31 

1891    Jan.  27 

Mammonth 

Mount  Pleasant 

Dubois 

Mine  explosion 

do..; 

109 

189*    Mar.  23 

Berwind 

13 

1898  Sept.23 

1899  July  24 

Umpire 

BrnvnAvillA 

do 

8 

Grindstone 

Grindstone 

do 

5 

1899    Dec.23 

Runuiw 

RtimnAr - 

....  do 

19 

1901    June  10 

Port  Royal  No.  2 

Catsbure 

Port  Royal 

....  do 

19 

1902    Mar.6 

MonATlgAhAlA.  . 

....  do 

6 

1902   July  10 

"RoniTvr  Min. 

Johnstown ..-..-,,.-.. 

do 

112 

1903    Nov. 21 .... 

Ferguson 

nnnnf^llKvllle .  , 

do 

17 

1904   Jan.  25 

Harwick 

Cheswick 

do 

179 

1906    Apr.  27 

Eleanora 

Dubois 

....do 

13 

1905   Julye 

Fuller 

Searight 

....  .do. 

6 

1905    Oct.  13 

Clyde 

Fredericktown 

MofiofigAhelft. 

Mine  fire 

6 

1905    Oct.29 

Hazel  Kirk  No.  2 

BrasneU.  . 

Mine  explosion 

5 

1905    Nov.  15 

Bentleyville 

7 

1906    Oct.24 

Rolling  Mill 

Johnst^wT^ 

do 

7 

1907    Aui;.  17 

flonnwi. 

Ponman ,, 

Fell  down  shaft 

Mine  explosion 

do. \ 

5 

1907    Dec.  1 

Nwnl 

Fayette  City 

34 

1907    Dec.  19 

Darr 

Jacobs  Creek 

239 

1908    Nov.28 

Rachel  and  Agnes 

Orenda  No.  2 

Marianna 

do 

154 

1909    Jan.25 

Boswell 

....  do 

5 

1909    Apr.9 

Eureka  No.  37 

Windber 

Dynamite  and  mine 
explosion. 

Mine  explosion 

do... 

7 

1909   June23 

Lackawanna  No.  4 

Franklin  No.2 

Ernest  No.  2 

Wehnim 

21 

1909    Oct.  31 

JnhnAtown . 

13 

1910    Feb.  6 

Ernest 

....  do 

12 

IPU    M«^r.  22 

Hazel 

East  Canonsburg 

Sykesville 

Fall  of  roof 

9 

1911    July  13 

Sykesville 

Mine  explosion 

....  do... 

21 

1911    Nov.9 

Adrian    . 

Punxsutawnev 

8 

1912    July24. 

Superbaand  Lemont. 
rjncfiiniLti 

Evans  Station 

Cloudburst      flooded 
mine. 

Mine  explosion 

do.: 

<>18 

1913    Apr.  23 

Finleyville 

96 

1915    MAy24 

Smokeless;  Valley  No.  1 

Patterson  No.  2 

Orenda 

Johnstown 

9 

1915    July  30 

ElicAb^th., 

Mine  cars 

9 

1915    Aug.  31 

Boswell 

Mine  explosion 

19 

a  Not  included  in  State  inspector's  tabular  statement  of  mine  fatalities. 

Table  127  showing  the  fatalities  by  causes  has  been  amplified  from 
the  bureau^s  regular  form  by  subdivisions  under  ''Falls  of  roof  and 
coal/'  "Gas  and  dust  explosions,"  "Miscdlaneous  imderground, " 
and  '' Miscellaneous  surface."  This  is  in  conformity  with  the  State 
inspector's  latest  reports,  and  in  no  way  does  it  conflict  with  the 
bureau's  classification  in  comparing  fatalities  by  causes  with  those  of 
other  States.  The  main  headings  have  been  maintained  as  indicated 
in  the  table  by  numerals;  the  subheadings  are  indicated  by  letters. 
This  classification  gives  operators,  inspectors,  and  others  an  oppor- 
tunity to  study  the  mine  accidents  more  in  detail. 

Since  1903  practically  one-half  of  the  men  in  the  bituminous  coal 
mines  of  the  State  have  been  on  an  8-hour  basis,  as  shown  in  the  ac- 
companying table,  the  remainder  being  9  and  10  hour  men.  In 
order  to  make  a  true  comparison  of  Pennsylvania  with  other  States 
Tables  40  and  41  have  been  compiled  showing  the  fatality  rate  based 
on  the  actual  number  of  men  employed  and  also  on  the  number  of 
calculated  2,000-hour  workers.  The  number  of  hours  worked  per 
year  per  man  in  the  Pennsylvania  bituminous  fields  is  2,034,  so  that 
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there  is  but  slight  variation  in  the  fatality  rate  based  on  the  actual 
number  of  employees  during  the  10-year  period  1903  to  1913  (except 
1909)  which  is  3.39  per  1,000,  and  that  based  on  the  number  of  2,000- 
hour  workers,  which  is  3.34.  The  number  of  hours  worked  in  Vir- 
ginia is  2,447,  in  West  Virginia  2,132,  and  in  Ohio  1,495.  With  such 
varying  periods  of  exposure  to  the  hazards  of  the  mining  industry,  it 
is  essential  that  the  time  factor  be  taken  into  consideration. 

NUKBER  OF  HOURS  TO  THE   W0RE3N0  DAT,  BT  TEARS,  IN  AND  ABOUT  THE 

PBNN8TLVANIA  BITUMINOUS  MINES.s 


Tear. 


1908.. 
19M.. 
1906.. 
1906.. 
1907.. 
1906.. 
1909  ». 
1910.. 
1911.. 
1912.. 
1913.. 


8-hour  day. 

9-hour  day. 

10>hour  day. 

Menem- 

Total 

nuaber 

than  8. 9, 
or  10 

of  men 

Number 

Ken  em- 

Number 

Men  em- 

Number 

Men  em- 

em- 

of mines. 

ployed. 

of  mines. 

ployed. 

Of  mines. 

ployed. 

hours 

ployed. 

• 

per  day. 

481 

68,761 

220 

28,221 

170 

32,192 

10,091 

U9,M6 

637 

77,960 

223 

24,972 

187 

30,286 

1,882 

136,100 

660 

60,207 

226 

26,000 

179 

31,314 

25,928 

143, 6I9 

744 

92,062 

233 

25,606 

190 

30,895 

8,427 

168, Oit 

809 

96,667 

260 

24,883 

198 

35,355 

6,890 

163;M» 

764 

99,406 

241 

24,828 

197 

38,125 

3,«B 

165,161 
169,381 

834 

101,208 

272 

30,270 

225 

37,760 

6,156 

175,403 

842 

99,622 

273 

21,204 

213 

87,586 

6,796 

171,106 

774 

91,928 

316 

82,935 

214 

35,322 

4,959 

165,146 

849 

100,668 

812 

32,064 

242 

38,671 

893 

178,116 

a  Compiled  irom  annual  volumes  of  Minenl  Resouroes,  U.  S.  QeoL  Surv^qr.         &  Gw^  year. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  PEIfNSTLVANIA  BITUMINOUS 
MINES,  AND  THE  FATALITT  RATE  BASED  ON  THE  NUMBER  OF  2,000^HOUR 
WORKERS. 


Tear. 


1908. 
1904. 
1905. 
1906. 
1907. 
1003. 
1909. 
1910. 
1911. 
1912. 
1913. 


Days 
worked. 


235 
196 
231 
231 
255 
201 


Total  hours 
per  day 
(all  em- 
ployees). 


1,136,816 
1,168,226 
1,363,678 
1,307,704 
1,408,343 
1,432,368 


Total  hours 
per  year. 


267,151,760 
228,972,296 
291,909,618 
302,079,624 
350,127,465 
287,905,968 


Number 
of  2,000- 
hour 
workers. 


133,576 
114,486 
145,955 
151,040 
179,564 
143,953 


Fatalities. 


Total. 


395 
533 
475 
476 
799 
571 


Per 

1,000 

8,000- 

hovr 
worken. 


8.96 
4.66 
8.86 

8.15 
4.46 

3.97 


238 
233 
252 
267 


1,515,188 
1,478,036 
1,429,690 


360,614,744 
344,382,388 
360,281,880 


1,487,867  |397, 260, 489 


180,307 
172, 191 
180, 141 
198,630 


521 
515 
446 
600 


8.89 
8.99 

2.46 
8.07 


STATISTICS    OF   STRIKES   AND    LOCKOUTS   IN    AND    ABOUT   THE    PBNNSTLVANIA 

BITUMINOUS  MINES.a 


Year. 


1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 


Number 

of  men 

affected. 


15,131 
7,574 
2,541 

12,580 

12,805 
9,836 
5,686 

59,593 


Total 
days 
lost. 


8, 


636,160 
223,093 
125, 116 
264,862 
321,925 
576,353 
186,250 
,941,835 


Average 
number 
of  days 
lost  per 
man. 


42 
29 
49 
21 
25 
62 
33 
66 


Year. 


1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 


Number 

Total 

of  men 

days 

affected. 

lost. 

6,447 

59,834 

18,780 

375,569 

5,824 

260,381 

60,098 

2,700,746 

5,601 

148,124 

22,538 

538,248 

17,244 

274,296 

36,613 

1,052,005 

Aven^^e 
number 
of  days 
lost  per 
man. 


9 
20 
45 
45 
26 
24 
16 
29 


a  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  8.  GeoL  Survey. 
14355**— Bull.  115—16 20 
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TEBfNBSSEE. 

ABEA  AND  DISTBIBTJTION  OF  COAL  FIELDS. 

The  coal  fields  of  Tennessee  are  from  50  to  70  miles  wide  and  ex- 
tend northeast  and  southwest  across  the  State  from  Chattanooga  on 
the  south  to  Middlesboro,  Ky.,  on  the  north.  The  coal-bearing  areas 
comprise  about  4,400  square  mileS;  of  which  it  is  estimated  about  47 
per  cent  may  contain  coal  of  economic  value. 

The  coal  fields  may  for  convenience  be  divided  into  a  northern  and 
a  southern  division.  The  northern  area,  which  produces  most  of  the 
coal  mined,  may  be  subdivided  into  the  JeUico  Basin,  comprising 
parts  of  Campbell  and  Scott  counties;  the  Wartburg  Basin,  including 
parts  of  Morgan,  Anderson,  and  Scott  counties;  and  the  Middlesboro 
Basin,  including  Campbell  and  Claibome  counties.  The  southern 
division,  which  is  known  as  the  Chattanooga  district,  includes  the 
Sewanee  Basin,  a  part  of  the  Cumberland  plateau,  the  Walden  Ridge 
Basin,  and  the  Lookout  Basin. 

CHABACIEB  OF  COAL  BEDS. 

The  coal  for  the  most  part  is  bituminous  throughout  the  State, 
but  there  is  a  limited  area  of  cannel  coal  in  the  JeUico  district.  The 
beds,  though  reasonably  uniform  in  thickness  over  limited  areas, 
are  relatively  thin  and  the  coal  is  variable  in  quality.  The  coal 
beds  are  nearly  horizontal  in  most  regions  of  extensive  development 
except  for  local  folds  and  rolls.  The  coals  in  the  northern  districts 
are  a  good  grade  of  steam  and  domestic  fuel,  whereas  in  the  southern 
districts  the  Sewanee  coal  is  better  adapted  for  coking  purposes. 

The  Jellico  coal  in  the  Jellico  district  varies  from  3  to  4  feet  and 
the  Blue  Gem  coal  from  1^  to  2  feet.  Many  mines  are  operated  in 
these  two  beds,  but  most  of  them  are  mines  with  a  small  output. 
The  coal  in  the  Middlesboro  Basin  varies  from  4  to  5  feet  in  thickness 
and  is  extensively  mined  in  Mingo  Hollow  and  elsewhere.  The  coal 
in  the  Wartburg  Basin  is  variable  in  thickness  and  quality,  ranging 
from  3  to  5  feet  in  thickness. 

The  coal  in  the  Chattanooga  district  is  nearly  horizontal  except 
over  local  areas,  as  along  Walden  Ridge,  where  it  is  greatly  disturbed. 
The  Sewanee  coal  ranges  from  about  2^  to  H  feet  in  thickness  and 
is  generally  found  badly  crushed  and  contorted  and  sometimes  inti- 
mately mixed  with  "rash,"  which  in  this  crushed  form  is  very  difficult 
to  separate  from  the  coal. 

MININa  MBTHODS. 

The  earliest  records  for  the  production  of  coal  in  Tennessee  are 
those  of  1840,  during  which  year  558  tons  were  mined.  The  pro- 
duction has  gradually  increased  and  in  1913  amoimted  to  6,903,784 
tons.  The  mines  are  practically  all  opened  by  drifts,  a  few  by 
slopes,  and  only  two  by  shafts,  and  the  coal  is  mined  largely  by  the 
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room-and-pillar  system.  Few  of  the  mines  in  the  State  are  large 
producers  and  in  many  of  them  mule  haulage  alone  is  used.  Roof 
conditions  average  fairly  good  when  proper  precautions  are  taken  in 
timbering.  About  57  per  cent  of  the  mines  are  ventilated  by  fans 
and  about  30  per  cent  by  furnaces.  Most  of  the  mines  are  wet  and 
there  is  little  chance  for  dust  to  gather,  but  some  of  them  are  very 
dry  and  considerable  dust  is  produced  in  mining  the  coal.  In  a  few 
of  the  dry  mines  adequate  sprinkling  cars  are  provided,  but  in  two  or 
three  dry  mines  no  attempt  is  made  to  sprinkle,  and  the  mines  are 
dangerously  dusty. 

There  were  8  coal  mining  machines  in  use  in  1897  and  252  in  1913. 
The  amoimt  of  machine-mined  coal  for  the  latter  year  was  26.7  per 
cent  of  the  total  output,  or  7,312  tons  per  machine.  In  1912,*  32.9 
per  cent  of  the  coal  mined  was  shot  from  the  solid  and  in  1913,  37 
per  cent  was  mined  by  this  method;  36.3  per  cent  was  mined  with 
hand  picks. 

As  early  as  1891  an  agreement  between  mine  operators  and  miners 
prohibited  shooting  coal  ofiF  the  solid,  but  this  contract  is  too 
frequently  broken  in  practice. 

BEPOBTABLB    ACCIDENTS   AND   OBGANIZATION  OF  INSPECTION 

SERVICE. 

The  first  mine-inspection  law  of  Tennessee  was  passed  April  7, 
1881.  It  required  that  all  accidents  at  mines  should  be  reported 
to  the  inspector  of  the  district  in  which  the  mine  was  located,  and,  if 
fatal,  to  the  county  coroner.  The  enforcement  of  the  law  was  intrusted 
to  the  geologist  of  the  bureau  of  agriculture,  statistics,  and  mines, 
with  power  to  employ  such  assistants  as  were  necessary.  The 
inspector  was  required  to  preserve  in  his  office  a  record  showing 
the  cause  of  all  accidents  in  the  mines.  An  act  approved  March  29, 
1887,  consolidated  the  inspection  service  and  placed  it  under  the 
jurisdiction  of  one  mine  inspector,  whose  office  was  maintained  at 
Chattanooga,  and  to  whom  all  accidents  were  to  be  reported  by  the 
mine  operators.  The  inspector  rendered  annual  reports  to  the  gov- 
ernor on  January  1  of  each  year.  On  March  23,  1891,  an  act  was 
approved  by  which  the  office  of  mine  inspector  was  consolidated 
with  the  bureau  of  labor  and  mining  statistics,  under  the  super- 
vision of  the  commissioner  of  the  bureau  of  labor,  statistics,  and 
mines.  The  scope  of  the  work  of  the  new  bureau  was  made  to  in- 
clude the  inspection  of  all  mines,  collieries,  mills,  and  factories,  and 
all  accidents  at  such  establishments  resulting  in  loss  of  life  or  serious 
personal  injury  were  to  be  reported  to  the  conmiissioner  of  the 
bureau,  the  conmiissioner  to  render  annual  reports  to  the  Governor. 

An  act  of  April  3,  1903,  separated  the  mine  inspection  service 
from  the  bureau  of  labor  and  mining  statistics,  established  the  office 
of  chief  mine  inspector,  and  authorized  the  governor  to  appoint  one 
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chief  inspector  and  two  district  mine  inspectors,  the  chief  to  specify 
the  counties  which  should  compose  the  two  districts.  The  act  applied 
to  both  coal  and  metal  mines,  and  the  chief  inspector  was  required 
to  render  annual  reports  to  the  governor,  and  to  enumerate  therein 
all  accidents,  both  fatal  and  nonfatal. 

ACCIDENTS. 

Tables  128  and  129  show  the  production,  number  of  men  em- 
ployed, and  number  killed  in  and  about  the  coal  mines  of  Tennessee 
as  compiled  from  the  reports  of  the  United  States  Geological  Survey 
and  the  State  mine  inspector's  reports.  Continuous  records  of  f  atah- 
ties  have  been  kept  since  1891  to  the  end  of  1913.  During  this 
period  there  were  859  fatalities,  representing  a  rate  of  4.30  per  1,000 
men  employed.  The  amount  of  coal  produced  per  fatahty  was 
119,280  tons,  or  there  were  8.38  fatalities  per  1,000,000  tons  mined. 
Of  the  total  number  of  fatalities  42.03  per  cent  was  due  to  falls  of 
roof;  39.47  per  cent  to  gas  and  dust  explosions,  whereas  mine  cars  and 
locomotives  caused  5.70  per  cent,  and  explosives  a  like  percentage. 

FATALITIES  IN  TENNESSEE  COAL  MINES,  BY  PRINCIPAL  CAUSES,  DURING  THE  YEARS 

1891  TO  1913,  INCLUSIVE. 


Caase  of  accident. 


Undereround: 

Fall  of  roof  and  pillar  (coal,  rock,  etc.) 

Mine  cars  and  locomotives 

Gas  and  dust  explosions 

Explosives 

Miscellaneous 

Shaft 

Surftice 

Total,  23  years 


Number  killed. 


Per  1,000 

Total. 

Per  cent. 

em- 
ployed. 

361 

42.03 

1.81 

49 

fi.70 

.25 

339 

39.47 

1.70 

49 

fi.70 

.25 

27 

3.14 

.13 

1 

.12 
3.84 

33 

.16 

859 


100.00 


4.30 


COAL-MINE  ACCIDENTS  IN  TENNESSEE  IN  WHICH  5  OR  MORE  MEN  WERE  KILLED. 


Date. 


1895  Dec.  20 

1901  May  27 

1902  Mar.  31 
1902  May  19 
1911  Dec.  9.. 


Name  of  mine. 


Location  of  mine. 


Nelson 

Richland 

Nelson 

Fratervflle 

Cross  Mountahi. 


Dayton 

do 

do 

Coal  Creek. 
Briceville.. 


Nature  of  accident. 


Mine  explosion. 

do 

do 

do 

do 


Number 
kiUed. 


25 
20 
16 
184 
84 


Since  1895  there  have  been  five  disasters  in  which  327  men  were 
killed.    A  list  of  these  disasters  is  given  in  an  accompanying  table. 

Since  1903  slightly  over  one-half  of  the  men  have  been  employed 
at  the  mines  on  a  9-hoiir  basis.  During  the  10-year  period  1903  to 
1913,  excepting  1909,  the  men  were  employed  2,100  hours  during 
the  year.  The  fatality  rate  based  on  the  actual  number  of  employees 
as  shown  in  Table  40  is  3.40,  but  when  computed  on  the  basis  of 
equivalent  2,000-hour  workers  becomes  3.23.    By  comparing  Tenn- 
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essee  with  Ohio  on  the  basis  of  actual  number  of  employees,  it  will 
be  noted  that  the  Tennessee  rate  is  much  higher,  being  3.40  as 
compared  with  2.94  for  Ohio.  The  men  in  Ohio  were  employed 
1,495  hours  per  annum,  so  that  reducing  the  fatality  fate  to  2,000- 
hour  workers  the  Tennessee  rate  is  3.23  as  compared  with  3.94  for 
Ohio.  A  similar  comparison  may  be  made  with  other  States  in 
tables  40  and  41. 

NUMBER  OF  HOURS  TO  THE  WORKING  DAY,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  OF  TBNNBS8BB.a 


Year. 


1903.. 

1901.. 

1906.. 

1906.. 

1907.. 

1908.. 

1900». 

1910. . 

1911.. 

1912.. 

1913.. 


8-hoarday. 


Number 
of  mines. 


1 

8 
8 
4 
13 
5 


6 
6 
6 
9 


Men  em- 
ployed. 


9 
657 
876 
246 
1,661 
287 


451 
376 
317 
710 


9-boarda7. 


Number 
of  mines. 


62 
79 
75 

87 


86 
56 
77 
78 


Men  em- 
ployed. 


6,614 
6,102 
6,693 
6,938 
6,968 
8,220 


7,566 
5,929 
5,720 
6,163 


10>bour  day. 


Number 
of  mines. 


23 
24 
33 
30 
27 
19 


32 
30 
29 
35 


Men  em- 
ployed. 


3,415 
2,887 
4,463 
4,084 
3,379 
1,921 


3,395 
3,978 
3,980 
3,927 


Men  em- 
ployed 
otner 

than  8, 9, 
or  10 
hours 

per  day. 


923 
770 
896 
234 
144 
1,384 


618 
842 
292 
463 


Total 
number 
of  nan 

em- 
ployad. 


9,961 
10,416 
11,928 
11,463 
12,06t 
11,813 
10,081 
11,930 
11,194 
10,309 
11,1 


a  Compfled  from  annual  Tolnmes  of  Mineral  Resources,  U.  8.  Geol.  Survey.         &  Census  year. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  TENNESSEE  AND 
THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2.000-HOUR  WORKERS. 


1903. 
1904. 
1906. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 


Days 
wornd. 


227 
217 
221 
229 
232 
209 


Total  hours 

per  day 

?allem- 

ployees). 


98,055 
95,974 
110,939 
106,856 
110,286 
107,942 


Total  hours 
per  year. 


21,123,485 
20,826,358 
24,517,519 
24,470,024 
25,686,352 
22,669,878 


Number 
of  2,000- 
hour 
workers. 


10,562 
10,413 
12,269 
12,235 
12,793 
11,280 


Fatalities. 


Total. 


26 
28 
29 
32 
30 
34 


1,000 
3,000- 

honr 
worken. 


2.46 
2.69 
2.37 
2. 63 
2.86 
3.01 


225 
232 
234 
241 


110,314 

103,719 

96,444 

104,584 


24,820,650 
24,062,806 
22,567,896 
25,204,744 


12,410 
12,031 
11,284 
12,602 


38 

111 

18 

36 


3.06 
9.23 
1.00 
1.78 


STATISTICS   OF   STRIKES  AND   LOCKOUTS   IN   AND   ABOUT   THE   COAL  MINES    IN 

TENNESSEE^ 


Year. 


1399 
1900 
1901 
1902 
1908 
190C 
1905 
1900 


Average 

Number 

Total 

number 

of  men 

days 

of  days 

affected. 

lost. 

lost  per 
man. 

1,596 

37,066 

23 

1,569 

67,308 

43 

1,706 

©,730 

49 

1,904 

136,347 

72 

l,-630 

36,021 

22 

2,391 

170,680 

71 

150 

4,770 

32 

180 

1,186 

7 

Year. 


1907. 
1908. 
1900. 
1910. 
1911. 
1912. 
1913. 
1914. 


Number 

of  men 

affected. 


284 
340 

277 


163 
670 
857 


Total 
days 
lost. 


4,726 

11,441 

9,295 


1,630 
20,011 
42,966 


Average 
number 
of  days 
lost  per 
man. 


17 
83 
34 


10 
30 
50 


a  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  S.  Oeol.  Survey. 
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TEXAS. 

ABEA  AND  DISTBIBT7TION  OF  COAX  FIELDS. 

The  coal-bearing  rocks  that  carry  bituminous  coal  comprise  an 
area  in  northern  Texas  a  little  more  than  200  miles  long  and  45  miles 
wide,  but  coal  beds  are  limited  to  an  area  of  about  8,200  square  miles 
in  Wise,  Palo  Pinto,  Erath,  and  McCulloch  counties.  The  structure 
of  this  field  is  a  gentle  monocline,  the  beds  dipping  northwest  about 
100  feet  to  the  mile. 

In  the  southern  part  of  the  State,  near  Eagle  Pass,  Maverick 
County,  is  a  Cretaceous  coal  bed  which  is  mined  to  some  extent. 

The  Tertiary  lignite  beds  extend  entirely  across  the  State  from 
Mexico  to  Arkansas;  the  known  workable  areas  cover  about  2,000 
square  miles,  and  there  are  about  53,000  square  miles  that  may  con- 
tain workable  beds.  Of  the  total  amoimt  of  coal  mined,  about  one- 
half  is  lignite. 

CHABACTEB  OF  COAL  BEDS. 

In  the  bituminous  field  there  are  three  workable  beds,  but  the  ones 
most  largely  mined  are  No.  1,  which  is  the  lowest,  and  No.  7,  which 
is  the  highest.  These  coals  are  of  Carboniferous  age.  No.  1  is  contin- 
uous for  at  least  80  miles,  and  in  Wise  County  is  14  to  26  inches  thick; 
in  Park  County,  18  to  26  inches  thick;  in  Palo  Pinto  County,  26  inches 
thick;  and  in  Erath  County,  28  inches  thick. 

With  few  exceptions  the  coal  bed  has  a  strong  shale  roof  and  shale 
floor.  The  No.  7  bed  has  the  same  structural  features  as  No.  1  and 
is  continuous  for  about  250  miles.  It  is  12  to  42  inches  thick.  Near 
Cisco  the  bedis  33  inches  thick. 

In  the  lignite  field  the  beds  that  are  worked  are  thick,  generally 
ranging  from  6  to  8  feet. 

HININa  METHODS. 

The  earliest  coal-production  report  for  T^xas  was  in  1884,  when 
125,000  tons  of  coal  was  mined.  The  production  for  1913  was  2,429,- 
144  tons.  Of  the  48  mines  in  operation  in  1913,  8  were  opened  by 
slopes,  and  43  were  opened  by  shafts  varying  from  45  to  418  feet  in 
in  depth.  About  one-half  were  opened  by  single  entry  and  one-half 
by  double  entry.  One-third  of  the  mines  are  operated  by  the  long- 
wall  method,  and  two-thirds  by  the  room-and-piUar  method.  Steam 
hoists  are  used  at  practically  all  of  the  mines.  Electric  and  mule 
haulage  are  used  underground,  while  3  mines  were  using  gasoline 
motors. 

The  majority  of  the  mines  are  ventilated  by  fans  and  only  two  by 
furnaces.  In  1897,  there  were  5  mining  machines,  and  in  1913,  24 
machines.  In  1913,  61.5  per  cent  of  the  coal  was  mined  by  hand  and 
4.2  per  cent  by  machines,  and  25  per  cent  was  shot  off  the  solid. 
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BEPOBTABLB   ACCIDENTS   AND   OBGANIZATION  OF  INSPEC^TION 

SERVICE. 

The  law  enacted  by  the  Texas  Legislature  April  30,  1907,  author- 
ized the  governor  to  appoint  a  State  mine  inspector  for  all  coal  mines, 
upon  the  recommendation  of  an  examining  board,  also  provided  for 
by  the  act.  The  first  inspector  was  appointed  September  30,  1909, 
and  was  directed  to  see  that  the  provisions  of  the  mining  law  were 
properly  enforced.  The  law,  however,  did  not  require  mine  operators 
to  report  accidents  to  the  State  inspector. 


AcciDE^rrs. 

Tables  130  and  131  show  the  production  of  coal  and  the  number  of 
men  employed  in  the  mines  of  Texas  since  1889.  Complete  accident 
records,  however,  were  not  kept  prior  to  1909.  During  the  6-year 
period  1909-1913,  there  were  25  fatalities  reported  in  and  about  the 
coal  mines  of  Texas,  representing  a  rate  of  1.06  per  1,000  men  em- 
ployed. The  amount  of  coal  mined  per  fatality  was  412,359  tons  or 
2.43  fatalities  per  million  tons  mined.  Texas  has  been  free  from 
serious  mine  disasters. 

FATALITIES  IN  TEXAS  COAL  MINES,  BY  PRINCIPAL  CAUSES,  DURING  5  YEARS  190 

TO  1913,  INCLUSIVE. 


Cause  of  accident. 


Underground: 

Fall  of  roof  and  pillar  (coal,  rock,  etc.) . 

Mine  cars  and  locomotives 

Gas  and  dust  explosions 

Explosives 

Miscellaneous 

Shaft 

Surface. 


Total,  5  years. 


Number  killed. 


Total. 


Id 
2 


Per  cent. 


64.00 
8.00 


2 
3 
1 
1 


25 


8.00 

12.00 

4.00 

4.00 


100.00 


Per  1,000 

em- 
ployed. 


0.«7 
.00 


.00 
.13 
.04 
.04 


1.06 


Since  1903,  practically  one-half  of  the  men  in  the  State  have  been 
employed  on  an  8-hour  basis.  Tables  40  and  41  have  been  compiled 
for  comparative  purposes.  It  will  be  noted  that  the  employees  of 
Texas  worked  2,101  hours  per  year.  The  fatality  rate  for  the  period 
1903  to  1913,  inclusive,  except  1909,  based  on  the  actual  number  of 
employees,  is  1.08  per  1,000  men  employed,  and  based  on  the  2,000- 
hour  days  becomes  1.05.  This  rate  may  be  readily  compared  with 
rates  of  other  States  by  referring  to  Table  41.  The  tables  of  sta- 
tistics for  the  State  follow : 
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NX7MBER  OF  HOURS  TO  THE  WORKING  DAY,  BY  YEARS.  IN  AND  ABOUT  THE  COAL 

MINES  IN  TEXAS«a 


Yew. 


ft'hourday. 


Number 
ofmiiiw. 


Men  em- 
ployed. 


9>hourday. 


Number 
of  mines. 


Men  em- 
ployed. 


lO-hour  day. 


Number 
of  mines. 


Men  em- 
ployed. 


Men  em- 
ployed 
otner 

than  8. 9, 
or  10 
hours 

per  day. 


Total 
nnmber 
of  men 


ployed 


1003.. 
1904.. 
1905.. 
1906.. 
1907.. 
1906.. 
1900  c. 
1910.. 
1911.. 
1912.. 
1913.. 


3 

7 

11 

10 

6 

10 


71 
1,624 
1,442 
1,817 
1,453 
2,351 


20 
16 
20 
19 


2,302 
3,007 
2,908 
2,727 


6 
2 
3 


1,185 

91 

ftl25 


60 
50 


6 
12 
13 

8 
16 
21 


573 

971 

1,135 

703 

2,202 

1,759 


541 
235 
306 

528 
512 
240 


1 

3 
1 

8 


70 
179 

40 
525 


17 
18 
19 
11 


1,536 
1,649 
1,789 
1,299 


289 
145 
390 
550 


S,3M 
2,921 

s,ooe 

S,Ott 
4,227 
4,460 
4,1M 
4,197 
4,980 
5,127 
5,101 


a  Compiled  from  annual  volumes  of  Mineral  Resouroes,  U.  S.  Oeol.  Survey, 
b  Including  daymen  who  work  10  hours. 
c  Census  year. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  TEXAS  AND  THE 
FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2,000-HOUR  WORKERS. 


Year. 


1903. 
1904. 
1906. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 


Days 
worked. 


242 
220 
238 
227 
244 
254 


Total  hours 
rday. 
all  em- 
ployees.) 


pet 
(all 


21,922 
25,636 
26,765 
26,318 
38,792 
39,008 


Total  hours 
per  year. 


5,305,124 
5,639,920 
6,370,070 
5,974,186 
9.465,248 
9,908,032 


Number 
of  2,000. 

hour 
workers. 


2,653 
2,820 
3,185 
2,987 
4,733 
4,954 


Fatalities. 


Total. 


1,000, 

2.000- 

hom 

worker!. 


234 
226 
230 
253 


37,007 
43,462 
45,024 
44,481 


8,659,638 

9.822,412 

10.355,520 

11,253,693 


4,329 
4,911 
5,177 
5,626 


7 
8 
2 
4 


1.18 

L6I 

.89 

.71 


STATISTICS  OF  STRIKES  AND  LOCKOUTS  IN  AND  ABOUT  THE  COAL  MINES  IN  TEXAS* 


1899 
1900 
1901 
190^ 
1903 
1904 
1905 
1900 


Number 

of  men 

affected. 


185 

135 

113 

50 

1,055 

55 

25 

1,260 


Total 
days 
lost. 


2,775 

2,740 

226 

50 

24,460 

585 

375 

9,245 


Avenge 
number 
of  days 
lost  per 
man. 


15 

20 

2 

1 

23 

11 

15 

7 


Year. 


1907. 
1908. 
1900. 
1910. 
1911. 
1912. 
1913. 
1914. 


Number 

of  men 

affected. 


270 
169 

80 
1,776 

60 
238 


221 


Total 
days 
lost. 


1,610 
338 

4,800 

108,230 

300 

1,724 


603 


Average 
number 
of  days 
lost  per 
man. 


6 
2 
60 
61 
5 
7 


3 


a  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  S.  Oeol.  Survey. 
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UTAH. 

ABEA  AND  DISTBEBUTION  OF  COAX  FIELDS. 

The  coal-bearing  areas  of  Utah  comprise  about  10,570  square 
miles,  which  are  roughly  divisible  into  three  fields.  The  Wasatch  field 
is  the  largest,  and  includes  parts  of  Carbon,  Emery,  Grand,  Uinta^ 
and  Wasa  tch  counties.  The  next  largest  field  is  in  the  southern  part 
of  the  State,  and  occupies  the  larger  part  of  Garfield,  Iron,  and  Kane 
counties.  The  other  field  is  in  Summit  County,  in  northern  Utah, 
and  is  relatively  unimportant,  although  mining  operations  at  Coal- 
ville have  been  carried  on  since  1870.  The  greatest  amoimt  of 
development  has  been  in  Carbon  and  Emery  counties.  Carbon 
Coimty  producing  about  90  per  cent  of  the  coal  mined  in  the  State. 
The  principal  districts  in  Carbon  Coimty  are  Sunnyside,  Kenil- 
worth,  Castlegat^,  Pleasant  Valley,  Spring  Canyon,  and  Hiawatha- 
Black  Hawk. 

CHABACTEB  OF  COAL  BEDS. 

The  coal  and  the  associated  rocks  in  the  Wasatch  field  have  been 
subjected  locally  to  serious  folding  and  displacements,  but  in  gen- 
eral the  deformation  has  been  uniform,  resulting  in  regular  struc- 
ture and  low  dips.  In  western  Carbon  County  and  in  Emery  Coxmty 
the  coal-bearing  rocks  are  highly  folded  and  cut  by  numerous  faults, 
which  render  mining  expensive  and  uncertain.  But  in  the  eastern 
part  of  the  developed  field  the  coal  either  lies  nearly  flat  or  dips  only 
3°  to  7°. 

The  beds  as  a  rule  are  thinner  in  the  eastern  than  in  the  western 
part  of  the  field.  The  coal  in  two  beds,  both  of  which  are  mined, 
in  the  Sunnyside  district  is  about  14  feet  thick,  whereas  in  some  of 
the  western  districts,  as  at  Kenilworth  and  Hiawatha,  the  coal  of 
a  single  bed  ranges  from  15  to  20  feet  thick. 

The  coal  beds  in  general  are  not  uniform  in  thickness  over  large 
areas  and  in  many  places  are  known  to  be  very  lenticular.  Rolls  and 
''horsebacks"  are  common  in  some  districts  and  in  many  places  the 
latter  oftentimes  cut  out  a  considerable  part  of  the  coal  bed. 

The  southern  coal  field  has  never  been  exploited  on  a  commercial 
scale,  but  the  coal  ranges  in  thickness  from  4  to  8  feet. 

MININQ  METHODS. 

Coal  was  first  mined  on  a  commercial  scale  in  Utah  in  1870,  when 
5,800  tons  was  produced.  The  production  in  19 13  was  3,254,828  tons, 
and  in  1914,  3,103,036  tons  was  mined.  Most  of  the  muxes  are 
opened  by  drifts,  entries,  or  slopes,  and  the  coal  is  mined  by  the 
room-and-piUar  method.  The  principal  mines  are  worked  on  the 
double-entry  system  and  at  one  of  the  typical  mines  the  rooms  are 
24  feet  wide  by  400  feet  long,  separated  by  40-foot  pillars.     Wherever 
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the  coal  extends  7  to  9  feet  in  thickness  the  excess  is  left  on  the 
roof  and  is  taken  down  only  when  the  pillars  are  drawn.  Most  of 
the  mines  are  comparatively  dry  and  the  coal  yields  considerable 
dust  when  mined.  The  State  mining  law  requires  extensive  sprink- 
ling systems  in  such  mines  and  most  of  the  operators  rigidly  observe 
the  law.  Coal  is  rarely  shot  from  the  solid  and  is  usually  undercut 
(by  machine  or  hand  pick)  or  sheared  before  being  shot.  Electric 
shot-firing  systems  are  in  common  use. 

Coal-mining  machines  were  first  introduced  into  Utah  in  1896  and 
in  1913  there  were  60  machines  in  operation.  During  1913  the 
machine-mined  coal  equaled  19.2  per  cent,  coal  mined  by  hand-pick 
methods  equaled  74.2  per  cent,  and  that  shot  from  the  solid  equaled 
4.2  per  cent. 

BBPOBTABLB   ACCIDENTS   AND  ORGANIZATION  OF  INSPECTION 

SERVICE. 

An  act  of  Congress  approved  March  3,  1891,  authorized  the  Presi- 
dent of  the  United  States  to  appoint  a  mine  inspector  for  each 
Territory  in  which  the  aggregate  annual  production  of  coal  exceeded 
1,000  tons.  Under  the  provisions  of  this  law  the  first  mine  inspector 
for  Utah  was  appointed  August  23,  1892.  Section  15  of  the  act 
provided  that  a  full  and  written  report  of  every  fatal  accident  should 
be  made  to  the  mine  inspector  within  10  days  after  such  death 
should  occur.  Annual  reports  for  fiscal  years  ejiding  June  30  were 
rendered  to  the  Secretary  of  the  Interior.  Utah  was  admitted  as 
a  State  in  January,  1896,  and  under  a  law  approved  April  6,  1896, 
the  first  State  inspector  was  appointed  April  6.  The  State  inspection 
law  covered  all  coal  and  hydrocarbon  mines  employing  more  than 
six  men,  andkthe  inspector  was  required  to  examine  all  such  mines 
at  least  quarterly,  and  to  render  an  annual  report  to  the  governor. 
Mine  operators  were  required  to  report  to  the  inspector  every  fatal 
accident  within  10  days  after  the  accident,  and  every  nonfatal 
accident  involving  disability  for  one  week  or  more.  An  act  approved 
March  20,  1911,  authorized  the  employment  of  a  deputy  inspector 
and  repealed  the  provision  of  the  previous  laws  limiting  the  inspec- 
tion service  to  mines  employing  more  than  six  men. 

All  accidents  reported  to  the  inspector  by  mine  operators  are  pub- 
lished in  the  inspector's  annual  report,  but  only  those  involving  dis- 
ability for  at  least  30  days  are  classified  as  serious  accidents. 

ACCIDENTS. 

Tables  132  and  133  show  the  number  of  men  employed,  the  pro- 
duction of  coal,  and  the  number  of  f atahties  as  compiled  from  the 
best  records  available.  The  State  mine  inspectors'  reports  show 
fatal  accidents  back  to  1892,  and  are  complete  from  that  year  to 
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date.    The  total  number  of  men  killed  during  the  period  1892  to 
1913,  representing  22  years,  was  366  or  9.25  fatalities  per  1,000 

FATALITIES  IN  UTAH  COAL  MINES,  BY  PRINCIPAL  CAUSES.  DUBINa  THE  TBAB8 

1892  TO  1913,  INCLUSIVE. 


Causes. 


UnderKTOond: 

Fall  of  roof  and  pillar  (ooal,  rock,  etc.) . 

Iflnecaraand  locomotives 

Oas  and  dust  explosions  « 

ExplosiyesA 

IfisoeUaneoDs 

Shaft 

Surfiioe 


Total,  22  yean. 


Nomber  killed. 


Total. 


95 

35 

206 

5 

7 

3 

15 


355 


Percent. 


26.78 
7.04 

67.75 

1.40 

L97 

.84 

4.23 


100.00 


Per  1,000 

em- 
ployed. 


2.48 
.65 

5.34 
.13 
.18 
.08 
.39 


9.25 


a  Includes  Winter  Quarters  mine  disaster  at  Scofldd,  May  1, 1900,  in  which  200  men  were  killed  by  a 
powder  and  dost  ezploskm,  representing  56.34  per  cent  of  tne  fatalities,  or  5.21  per  IfiOO  for  the  22-year 
period. 

b  See  footnote  ». 

COAL-MINE  ACCIDENTS  IN  UTAH  IN  WHICH  5  OR  MORE  MEN  WERE  KILLED. 

Date May  1 ,  1900 . 

Name  of  mine Winter  Quarters  Noe.  1  and  4. 

Location  of  mine Schofield. 

Nature  of  accident Powder  and  mine  explosion. 

Number  killed 200. 

men  employed,  of  which  nmnber  57.76  per  cent  was  due  to  gas  and 
dust  explosions.  This  includes  the  explosion  at  the  Winter  Quarters 
mine  in  1900,  in  which  200  were  killed  at  one  time.  This  one  disaster 
represents  56.34  per  cent  of  the  total  fatahties  during  the  22-year 
period.  Falls  of  roof  represent  26.76  per  cent,  or  2.48  fatalities  per 
1,000  men  employed.  The  quantity  of  coal  produced^^per  fatalitity 
was  89,252  tons,  or  11.20  fatalities  per  million  tons  of  coal  mined. 

Since  1903,  the  mines  have  been  operated  on  an  8-hour  basis, 
and  for  comparison  with  States  having  9-hour  and  10-hour  working 
days,  Tables  40  and  41  have  been  compiled.  It  will  be  noted  that 
during  the  period  1903  to  1913,  except  1909,  the  men  were  employed 
2,109  hours  per  year.  The  fataUty  rate  based  on  the  actual  number 
of  employees  is  4.15  per  1,000,  whereas,  when  reduced  to  the  imiform 
basis  of  2,000-hour  workers,  it  becomes  3.93,  which  compares  favor- 
ably with  the  rate  in  Ohio,  where  the  rate  on  the  same  basis  is  3.94. 
Similar  comparisons  with  other  States  may  be  made  by  reference  to 
Table  41.    The  tables  of  statistics  for  the  State  follow. 
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NUMBER  OF  HOURS  TO  THE  WORKING  DAY,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  UTAH^a 


Year. 


IMS.. 
1904.. 
1906.. 
1906.. 
1907.. 
190B.. 
1900ft. 
1910.. 
1911.. 
1912.. 
1913.. 


S^ionrday. 


Number 
ofmJnes. 


12 
15 
13 
12 
10 
17 


20 
21 
22 
23 


Men  em- 
ployed. 


158 
1,860 
1,362 
1,664 
2,040 
2,620 


8,040 
3,066 
3,326 
4,063 


9-hoiirdfty. 


Number 
of  mines. 


4 
2 


Men  em- 
ployed. 


1,747 
6 


1 
2 


2 
05 


lO-hour  day. 


Number 
of  mines. 


3 
1 
2 
1 


Men  em- 
ployed. 


9 
2 
6 
3 


2 


Menem- 

plosred 

other 

than  8.0, 
or  10 
hoars 

I»erday. 


11 
11 
8 
IS 
157 
42 


4 
890 


Total 
aiunber 
of 


ployed 


1,1 
1,374 

1,361 

1,671 

i,tos 

i,6N 

3,614 
3,663 
3,416 
3,838 
4,166 


•  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  S.  Oeol.  Bunrey.         ^  Census  year. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  UTAH  AND  THE 
FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2,000-HOUR  WORKERS. 


Year. 


1908. 
1904. 
1906. 
1906. 
1907. 
1906. 
1900. 
1910. 
1911. 
1912. 
1913. 


Days 
worked. 


248 
294 
247 
288 

258 
227 


Total  hours 
per  day 
(all  em- 
ployees). 


17,176 
11,012 
10,903 
12,507 
17,781 
21,368 


Total  bouis 
per  year. 


4,260,648 
3,237,628 
2,693,041 
3,627,986 
4,687,498 
4,848,266 


Number 
of2/)00. 

hour 
workers. 


2,130 
1,619 
1,347 
1,814 
2,294 
2,424 


FataUties. 


Total. 


7 
0 
7 

4 
6 
6 


1,060 
8,006- 

kour 


3.89 
6.66 

6.80 
8.81 
8.18 
8.06 


260 
236 
285 
273 


24,428 
2:^968 
26,620 
33,359 


6,351,280 
6,898,088 
7,588,410 
9^107,007 


3,176 
3,299 
3,794 
4,564 


18 
13 
19 
17 


6.67 
3.M 

6.61 
3.78 


STATISTICS  OF  STRIKES  AND  LOCKOUTS  IN  AND  ABOUT  THE  COAL  MINES  IN  UTAH. 


1890. 
1900. 
1901. 
1902. 
1908. 
1904. 
1906. 
1906. 


Number 

of  men 

'affected. 


754 


350 

"i 


Total 
days  lost. 


23,055 


9,800 
6 


Average 
number 
of  days 
lost  per 


30 


28 


Year. 


1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 


Number 

of  men 

affected. 


148 


208 


6 
150 


Total 
days  lost. 


602 


624 


1,300 
1,800 


Average 
number 
of  days 
lost  per 
man. 


a  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  S.  Geol.  Survey. 


260 
12 
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TIBGDnA. 

ABBA  AND  DISTBEBTTTION  OF  COAL  FIELDS. 

The  coal-bearing  area  of  Virginia  oomprises  about  1,550  square 
miles  in  the  Appalachian  region,  200  sqiiare  miles  in  the  Brushy 
Mountain  fields,  and  150  square  miles  in  the  Atlantic  Coast  region. 
Of  the  latter,  the  laiger  part  is  in  the  Richmond  Basin.  This  basin 
extends  in  a  north  and  south  direction  through  parts  of  Goochland, 
Henrico,  Powhatan,  and  Chesterfield  counties.  It  is  about  30  miles 
long,  with  a  maximum  width  of  10  miles,  and  its  eastern  edge  is  about 
13  miles  from  Richmond.  There  are  also  one  or  two  other  isolated 
fields  in  the  Atlantic  coast  region,  but  mining  in  these  has  been  of 
little  importance. 

The  Brushy  Mountain  fields  include  long  narrow  strips  of  coal- 
bearing  rocks  nearly  across  the  State.  These  rooks  are  of  lower  Car- 
boniferous age  and  are  some  of  the  oldest  coal-bearing  strata  known 
in  this  country.    Some  of  the  coal  is  of  the  semianthracite  rank. 

The  Appalachian  region  includes  a  large  area  in  the  southwestern 
part  of  the  State,  with  the  principal  mines  in  Wise,  Russell,  Tazewell, 
and  Lee  counties.  More  than  one-half  of  the  coal  mined  in  the  State 
comes  from  Wise  County.  The  coal-bearing  rocks  lie  in  a  broad,  flat, 
synclinal  trough  lying  between  the  southeastern  edge  of  the  coal  field 
and  Pine  Mountain.  In  the  middle  of  the  trough  the  beds  are  gener- 
ally flat,  except  where  they  are  disturbed  by  small  folds  and  faults. 
On  the  edges  of  the  trough  the  beds  are  strongly  tilted,  in  some  places 
even  standing  vertical. 

CHABACTBB  OF  COAL  BEDS. 

The  coal  in  the  Richmond  Basin  is  a  bituminous  coking  coal.  The 
coal  beds  are  steeply  inclined  and  are  4  to  30  feet  thick,  and  in  a  num- 
ber of  places  have  been  cut  by  intrusions  of  diabase,  producing  nat- 
ural coke.  It  has  been  estimated  by  Shaler  and  Woodworth  that  at 
a  distance  of  one  mile  from  the  outcrop  the  depth  of  the  beds  is  2,500 
feet,  and  it  is  possible  that  the  beds  may  extend  to  a  depth  of  4,000 
feet.  The  coal  beds  are  broken  by  faults  that  make  systematic 
mining  difficult. 

The  coal  beds  in  .the  Brushy  Moimtain  fields  range  from  3  to  12 
feet  in  thickness,  but  the  beds  contain  many  partings  of  shale  which 
make  mining  expensive  and  the  products  of  the  mines  difficult  to 
market.  Although  desultory  mining  has  been  done  on  these  coal 
beds  for  a  long  time,  only  a  little  coal  has  reached  the  market. 

In  the  main  bituminous  field  the  coal  beds  are  much  more  numer- 
ous and  valuable.     In  Lee  County  12  beds  of  coal  are  of  workable 
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thickness,  ranging  from  2^  to  6  feot  thick.  In  the  Big  Stone  Gap 
district  the  most  important  coal  bed  is  the  Imboden,  which  ranges 
from  4  to  13  feet  in  thickness.  There  are  also  a  number  of  beds  from 
4  to  8  feet  thick  lying  above  the  Imboden. 

On  Toms  Creek  the  Upper  Banner  coal,  ranging  from  6  to  8  feet 
thick,  is  the  most  important  bed.  This  bed  has  a  shale  roof  and  a 
hard  shale  floor. 

In  Dickenson  Comity  the  coal  beds  below  the  Gladeville  sandstone 
are  thin,  but  above  that  semdstone  10  beds  are  recognized,  which 
range  in  thickness  from  2  to  12  feet.  The  Lower  Boiling  bed  is  4 
feet  thick  with  shale  roof  and  clay  floor.  The  Glamorgan  bed  is  4^ 
feet  thick  with  shale  roof  and  shale  floor.  The  Pardee  bed  is  about 
9^  feet  thick. 

HININa  METHODS. 

Coal  was  first  mined  in  the  Richmond  Basin  in  1750.  In  1789 
regular  shipments  were  made.  Production  records  begin  with  1822 
with  5,400  tons.  The  larger  mines  are  opened  by  slopes  and  vertical 
shafts,  the  latter  being  400  to  500  feet  deep.  In  the  earlier  days  col- 
ored labor  was  employed  under  the  supervision  of  English  and  Welsh 
miners,  and  the  mining  systems  were  largely  adapted  from  English 
practices.  In  recent  years  Himgarian  and  colored  labor  is  employed, 
lai^ely  under  the  direction  of  local  or  Pennsylvania  managers.  With 
the  development  of  the  southwestern  Virginia  field  the  Richmond 
Basin  remained  practically  dormant  after  1883.  Renewed  activity 
has  prevailed  during  the  last  4  years. 

As  in  West  Virginia,  the  room-and-pillar  method  of  Tnim'ng  pre- 
vails largely  throughout  the  Appalachian  region  with  practically  aU 
of  the  mines  opened  by  drift  entries.  In  1887  there  were  oidy  8 
mining  machines  in  operation,  but  in  1913  there  were  187  machines, 
producing  47.6  per  cent  of  the  coal;  19.7  per  cent  was  mined  by 
hand,  and  32.6  per  cent  shot  off  the  solid.  The  production  per  man 
in  1913  was  964  tons. 

BEPOBTABLB   ACCIDENTS   AND   ORGANIZATION  OF   INSPECTION 

SERVICE. 

The  mine-inspection  service  of  Virginia  was  established  in  accord- 
ance with  an  act  approved  March  13,  1912,  applying  to  all  coal  mines 
in  which  five  or  more  persons  were  employed  in  a  period  of  24  hours. 
The  appointment  of  the  inspector  was  vested  in  the  commissioner 
of  the  bureau  of  labor  and  industrial  statistics,  to  whom  the  inspector 
was  required  to  render  annual  reports  for  years  ending  June  30. 
Mine  operators  were  required  to  report  to  the  inspector  all  accidents 
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causing  loss  of  life  or  serious  personal  injury,  stating  the  cause  of 
such  accident,  and  the  inspector,  if  he  deemed  it  necessary  from 
the  facts  reported,  was  required  to  visit  the  scene  of  the  accident 
and  render  such  assistance  and  advice  as  he  deemed  necessary  for 
the  future  safety  of  the  men. 

No  rules  have  been  adopted  by  the  Biu*eau  of  Labor  as  to  what 
constitutes  a  serious  injury  such  as  the  law  requires  shall  be  reported 
to  the  inspector,  but  all  accidents  of  which  the  inspector  receives 
notice  are  included  in  his  annual  report  to  the  conmxissioner. 

In  1915  one  coal-mine  inspector  was  employed. 

ACCIDBNTS. 

Tables  134  and  135  show  the  production  of  coal  beginning  with 
1822,  the  number  of  employees  beginning  with  1888,  and  the  number 
of  fatalities  from  1909  to  date.  Although  Virginia  was  one  of  the 
first  States  to  produce  coal,  yet  systematic  records  of  accidents 
in  that  State  have  not  been  kept  until  recent  years.  There  have 
been  a  number  of  serious  mine  explosions,  extending  as  far  back 

FATALrriES  IN  VIBOINIA  COAL  MINES,  BY  PRINCIPAL  CAUSES,  DURING  THE  YEARS 

1909  TO  1913.  INCLUSIVE. 


Oaoae  of  accident. 


Underrroand: 

Fall  of  roof  and  pillar  (coal,  rock,  etc.) 

ICine  cars  and  locomotives 

Gas  and  dust  explosions 

Explosives , 

Uisoellaneous 

Shaft 

Surface 

Total ,  5  years 


Number  killed. 


TotaL 


131 
82 
25 
10 
34 
1 
18 


251 


Percent. 


52.19 

12.75 

9.96 

3.98 

13.55 

.40 

7.17 


100.00 


Per  1,000 

em- 
ployed. 


3.33 
.81 
.63 
.25 
.86 
.03 
.46 


6.37 


COAL-MINE  ACCIDENTS  IN  VIRGINIA  IN  WHICH  5  OR  MORE  MEN  WERE  EILLED. 


1839 
1854 
1855 
1876 
1882 
1884 
1901 
1901 
1906 
1907 
1010 
1911 
1912 
1912 


Date. 


Mar.  18.. 


May  20. 
Feb.3.. 
Mar.  13. 
Nov.  14, 
Nov.  22. 
Oct.3-., 
Mar.  10. 
Dec.  14.. 
Jan.  20.. 
Jan.  16.. 
July  16.. 


Name  of  mine. 


Black  Heath 

Chesterfield 

Midlothian 

do 

do 

Laurel 

Pocahontas 

do 

do 

Bond  and  Bruce . . . . 

Greeno 

Carbon  Hill 

do 

Old  Dominion  No.  1. 


Location  of  mine. 


Near  Richmond. 

do 

Coalfield 

do 

do 

Pocahcmtas 

do 

do 

do 

Tacoma 

do 

Carbon  Hill 

do 

do 


Nature  of  accident. 


Mine  explosion. 
do 


.do. 
.do. 
.do. 
.do. 


Mine  fire  and  explosion 

Mine  fire 

Mine  explosion 

.....do 

do 

do 

Dynamite  explosion. . . 
Mine  explosion 


Number 
kiUed. 


40 

19 

55 

8 

32 

112 

0 

8 

36 

11 

8 

5 

6 

8 
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as  1839,  as  shown  in  the  accompanying  list.    During  the  five  years, 

1909  to  1913,  for  which  continuous  records  are  available,  there 
have  been  251  fatalities,  representing  6.37  fatalities  per  1,000  men 
employed.  The  quantity  of  coal  produced  per  fatality  was  138,644 
tons,  or  7.21  fatalities  per  million  tons  of  coal  mined.  Of  the  total 
number  of  fatalities  during  the  6-year  period,  52.19  per  cent  was 
due  to  falb  of  roof-and-pillar  coal,  12.75  per  cent  to  mine  cars  and 
locomotives,  and  9.96  per  cent  to  gas  and  dust  explosions. 

Practically  all  of  the  men  employed  in  and  about  the  coal  mines  in 
Virginia  are  on  a  lO-hour  basis,  hence  to  permit  comparisons  with 
States  on  the  8-hour  or  the  9-hour  basis.  Tables  40  and  41  have  been 
compiled.  The  nimiber  of  hours  worked  per  man  a  year  in  Virginia 
is  2,447  as  compared  with  2,132  hours  in  West  Virginia,  and  1,495 
hours  in  Ohio.  In  order  that  true  comparisons  may  be  made  with 
reference  to  the  hazard  of  the  mining  industry,  the  time  element 
has  been  taken  into  consideration  and  rates  worked  out  on  the  basis 
of  the  number  of  2,000-hour  workers,  as  shown  in  Tables  40  and  41. 
Based  on  the  actual  number  of  employees,  the  rate  for  the  4  years 

1910  to  1913  is  6.74  per  1,000.  This  reduced  to  the  basis  of  2,000- 
hour  workers  becomes  5.26  per  1,000,  as  compared  with  5.18  for 
West  Virginia,  and  3.94  for  Ohio.  Table  41  ^ows  figures  for  the 
other  States  worked  out  on  a  similar  basis,  so  that  comparisons 
may  be  readily  made.    The  tables  of  statistics  for  the  State  follow. 

NUMBER  OP  HOURS  TO  THE  WORKING  DAY,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  VIRGINIA.^ 


Year. 


1903.. 
1904.. 
1905.. 
1906.. 
1907.. 
1908.. 
1909 1». 
1910.. 
19L1.. 
1912.. 
1913.. 


8-hour  day. 


Number 
of  mines. 


2 
2 
2 
6 


2 


1 
2 
2 
1 


Men  em- 
ployed. 


250 
256 
522 
105 


112 


189 
43 
24 
32 


9-hoor  day. 


Number 
of  mines. 


4 
6 

7 

5 

7 

10 


10 
4 

3 

8 


Men«m- 
ployed. 


21 
372 
591 
727 
849 
802 


1,021 

33 

41 

302 


10-bour  day. 


Number 
of  mines. 


21 
24 
25 
31 
42 
32 


45 
52 
49 
49 


Men  em- 
ployed. 


6,032 
4,092 
3,999 
4,294 
5,791 
5,214 


5,710 
6,929 
8,181 
8,743 


Menem- 

ployed 

other 

than  8. 9, 
or  10 
hours 

per  day. 


305 

445 

618 

5 

30 

80 


344 

1,102 

432 

85 


Total 
number 
of 


ployed 


J:! 

ft,7S0 

ft,m 

6,670 
6,  SOS 
6,101 
7,164 
0,107 
0,678 
0,100 


o  Complied  from  annual  volumes  of  Mineral  Resouroes,  U.  8.  Oeol.  Survey.         ^  Census  year. 
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NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  VURGINIA  AND  THE 
FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2^000-HOUR  WORKERS. 


Year. 


Days 
worked. 


Total  bouis 
per  day 
?aU  em- 
ployees). 


Total  houn 
pwyear. 


Number 
of  2/)00- 

hoor 
workers. 


FataUties. 


Total. 


ItOOO 

2,000- 

hom 

workan. 


1908. 
19M. 
1005. 
1906. 
1907. 
1906. 
1900. 

mo. 

1911. 
1912. 
1913. 


267 
238 
241 
260 
Ml 
200 


56, 2M 
50,321 
55,047 
50,368 
65,821 
60,974 


14,752,818 
11,976,398 
13,266,827 
12,592,000 
15,862,861 
12,194,800 


7,377 

5,  Wio 
6,633 
6,296 
7,931 
6,007 


241 
261 
251 
280 


70,897 
79,849 
86,269 
91,169 


17,086,177 
20,840,580 
21,651,009 
25,527,320 


8,543 
10,420 
10,826 
12,764 


67 
6S 
75 
24 


6.09 
6.51 
6.9S 

L88 


■r*  •*     _» 
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WASHINGTON. 

ABBA  AND  DISTBIBTJTION  OF  COAL  FIELDS. 

The  coal  fields  of  Washington  comprise  an  area  of  about  1,800 
square  miles  in  the  northwestern*  part  of  the  State.  They  may  be 
grouped  into  four  fields,  as  follows:  North  Puget  Soimd,  including 
Whatcom  and  Skagit  coimties ;  south  Puget  Sound,  including  King 
and  Pierce  counties;  Koslyn  Basin,  in  Kittitas  Ck)unty ;  and  the  south- 
western field,  including  Lewis  and  Ck)wlitz  counties.  King,  Kittitas 
and  Pierce  counties  are  the  principal  producers. 

The.  north  Puget  Sound  field  extends  from  the  coast  south  of  Bel- 
lingham  northeastward  to  the  foot  of  Mount  Baker.  It  is  the  south 
limb  of  a  great  syncline.  The  coal  beds  dip  to  the  northwest  at  vary- 
ing angles,  ranging  from  35^  near  the  coast  to  90^  at  Cokedale  and 
45^  at  Glacier.  The  quaUty  of  the  coal  ranges  from  coking  bitumi- 
nous coal  at  Cokedale  and  Blue  Canyon  to  anthracite  at  Glacier. 

The  south  Puget  Sound  field  is  characterized  by  a  series  of  parallel 
folds,  usually  in  a  north-south  direction.  The  principal  mines  at 
Wilkeson  and  Carbonado  are  on  the  west  slope  of  an  anticline,  where 
there  are  a  nimiber  of  overthrust  faults.  The  structure  in  this  field 
is  complicated  by  folding  and  faulting  and  the  intrusion  of  igneous 
rocks. 

The  Roslyn  field,  in  Kittitas  County,  is  a  more  regular  basin,  with  a 
slight  pitch  to  the  southeast.  The  dip  of  the  coal-bearing  rocks  varies 
from  10®  to  20*^,  and  the  basin  is  free  from  faults. 

The  southwestern  field  is  in  general  a  broad,  flat  basin,  but  on  the 
east  side,  next  the  Cascade  Range,  the  coal  beds  are  badly  covered  by 
lava  flows.  Here  the  coal  is  of  low  rank,  being  classed  generally  as 
the  lowest  grade  of  subbituminous  coal. 

CHABACTBB  OF  COAL  BBD8. 

The  coals  of  Washington  vary  from  lignite  through  semibitumi- 
nous  to  bituminous  coking  coal.  In  a  number  of  the  districts  the 
coal  produces  a  large  amoimt  of  slack  or  fine  coal  when  mined. 

Near  Bellingham  the  coal  bed  that  is  now  worked  is  14  feet  thick, 
whereas  at  Cokedale  there  are  beds  20  feet  thick.  Gas  is  prevalent 
in  these  mines.  The  Blue  Canyon  bed  has  an  average  thickness  of  7 
feet,  and  at  Glacier  it  is  about  6  feet  thick,  but  badly  crushed  and 
distorted. 

The  coal  beds  in  the  South  Puget  Sound  field  are  more  numerous, 
but  the  strata  are  so  disturbed  that  coal  beds  can  seldom  be  identified 
from  mine  to  mine,  even  though  the  properties  are  contiguous  and  in 
some  cases  the  mine  workings  connect.  The  center  of  production  in 
King  County  is  about  Black  Diamond.  The  principal  beds  here  are 
the  Upper  l^cKay,  which  ranges  from  4  feet  4  inches  to  4  foot  9 
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inches,  and  the  Lower  McKay,  which  is  4  feet  7  inches  to  6  feet  3 
inches  in  thickness.  At  New  Castle  there  are  four  productive  beds, 
varying  from  4  to  12  feet  in  thickness,  some  of  which  have  been 
worked  down  the  dip  to  a  depth  of  about  2,000  feet.  At  Ronton 
there  are  two  beds,  varying  from  7^  to  8  feet  in  thickness.  The  most 
important  producing  area  in  Pierce  Ck)unty  includes  the  mines  on 
Carbon  ^;.  er  from  Wilkeson  on  the  north  to  Montezuma  on  the  south. 
At  Wilkeson  there  are  three  coal  beds,  averaging  each  about  6  feet 
thick.  At  Carbonado  at  least  10  coal  beds,  which  range  in  thick- 
ness from  2  feet  to  more  than  8  feet,  have  been  worked.  The  Wingate 
bed,  about  5  feet  thick,  is  the  best  in  the  mine.  The  Carbonado  mine 
has  considerable  gas,  especially  on  the  west  side  of  Carbon  River. 

In  Kittitas  Coimty  the  mines  are  gaseous,  one  disastrous  explosion 
occurring  during  1910,  in  which  10  men  lost  their  lives.  Another 
explosion  occurred  in  1902.  At  Roslyn  coal  is  being  mined  from 
beds  4  feet  6  inches  thick  from  a  shaft  604  feet  deep.  The  roof  con- 
sists of  shale.  At  dealum,  in  the  same  district,  coal  is  being  mined 
from  a  bed  4  feet  2  inches  thick  at  a  depth  of  250  feet. 

XININa  METHODS. 

The  coal  beds  are  faulted  and  upturned  in  many  sections,  so  that 
it  is  necessary  to  mine  coal  from  steeply  inclined  seams.  The  mines 
are  opened  by  shafts,  slopes,  and  drifts.  In  the  Roslyn  field  the 
beds  are  very  dry  and  require  sprinkling  to  prevent  the  accumulation 
of  dust.  The  double-^ntry  room  and  pillar  systems  of  mining  are 
used.  At  Carbonado  the  mines  are  opened  by  slopes  and  drifts, 
some  of  which  extend  nearly  2  miles  into  the  moimtain  side. 

A  number  of  the  larger  coUieries  in  Washington  have  opened  their 
mines  by  slopes  and  the  coal  is  mined  by  the  pillar-and-breast  system, 
about  90  per  cent  of  the  coal  being  extracted.  In  the  northern  field 
the  coal  beds  are  opened  by  shafts  and  drifts  and  in  some  cases  the 
coal  seams  are  gaseous. 

In  1896  there  were  three  mining  machines  in  use,  producing  only 
3  per  cent  of  the  coal.  The  number  of  machines  remained  about 
the  same  until  1909,  when  there  were  18  machines,  and  in  1913  there 
were  63  machines,  producing  7.2  per  cent  of  the  total  coal.  Shooting 
off  the  solid  is  used  for  more  than  one-third  the  total  production. 

SEPOBTABLB   AGCIDENTS  AND   OBQANIZATION  OF  INSPEGTION 

8EBVICE. 

An  act  approved  November  28,  1883,  effective  January  1,  1884, 
authorized  the  governor  of  the  Territory  of  Washington  to  appoint 
an  inspector  of  coal  mines  for  all  mines  employing  more  than  10 
men.  In  addition  to  rendering  an  annual  report  to  the  governor, 
the  inspector  was  required  to  make  a  special  report  on  all  accidents 

14355'— Bull.  115—16 22 
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oauaing  loss  of  life  or  serious  bodily  injuries.  Operatois  were  re- 
quired to  notify  the  inspector  and  coroner  of  all  fatal  accidents^ 
and  upon  such  notice  an  investigation  was  conducted  to  determine 
the  cause  of  the  accident.  The  act  of  February  4,  1886,  required 
operators  to  notify  the  inspector  of  all  serious  accidents  as  well 
as  fatal  accidents. 

On  February  2,  US88,  an  act  was  approved  by  which  the  Territory 
was  divided  into  two  inspection  districts,  with  an  inspector  for  each 
district  appointed  by  the  governor.  The  State  legislature  enacted 
a  law  whidt  was  approved  March  5,  1891,  relating  to  the  inspection 
of  coal  mines,  but  the  requirement  as  to  the  reporting  of  fatal  and 
serious  accidents  was  not  changed.  The  inspectors  were  appointed 
by  the  governor  upon  the  reoommendation  of  an  examining  board, 
and  were  required  to  file  annual  reports  with  the  secretary  of  state 
before  February  1,  covering  the  previous  calendar  year. 

The  act  of  March  6,  1807,  provided  that  the  inspection  law  should 
apply  to  all  coal  mines  employing  10  or  more  men,  but  that  operators 
of  mines  enploying  lees  than  10  men  should  notify  the  inspector  as 
soon  as  10  men  were  employed. 

On  March  5,  1907,  a  law  was  approved  providing  one  mine 
inspector  for  the  entire  State  until  there  are  60  mines  in  operation, 
and  dividing  the  State  into  districts,  containing  not  less  than  10  nor 
more  than  60  mines  each,  and  an  inspector  for  each  district,  as 
soon  as  the  number  of  operating  mines  in  the  State  exceeds  60. 
An  act  approved  March  13, 1911,  authorized  the  State  mine  inspector 
to  appoint,  with  the  consent  of  the  governor,  a  deputy  inspector, 
who  should  hold  office  during  the  pleasure  of  the  State  inspector. 

Prior  to  1912  it  was  the  practice  of  the  operators  to  report  only 
those  injuries  causing  at  least  30  days'  disability,  but  since  that  year, 
when  the  workmen's  compensation  law  became  effective,  the  oper- 
ators have  reported  all  injuries  resulting  in  disability  for  5  days  or 
more  and  these  are  published  in  the  inspector's  annual  reports. 
Serious  injuries  are  those  resulting  in  30  days'  disability,  all  others 
being  considered  slight  injuries. 

In  1915  the  inspector  was  assisted  by  one  deputy. 

ACCIDENTS. 

Tables  136  and  137  show  the  production  of  coal,  the  niunber  of 
men  employed,  and  the  fatalities  in  coal  mines  as  compiled  from 
the  reports  of  the  United  States  Geological  Survey  and  the  State 
mine  inspectors'  reports.  Complete  records  of  fatalities  from  the 
mine  inspectors'  reports  are  available  from  1889  to  1913,  a  period 
of  25  years.  During  this  time  there  were  640  fatalities,  rq>resenting 
a  rate  of  6.14  fatalities  per  1,000  men  emplpyed.  The  amount  of 
coal  produced  per  death  was  93,606  tons,  or  10.68  fatalities  per 


COAL-MINE  FATALITIES  IN  THE  UNITED  STATES,  1870-1914.       333 


FATALITIES  IN  WASBIlfGTON  COAL  MINES,  BY  PRINCIPAL  CAUSES,  DURING  THE 

YEARS  1889  TO  1913,  INCLUSIVE. 


Cause  of  aocldent. 


Undexvround: 

Ful  of  roof  and  pillar  (ooal,  rock,  etc.) 

Mine  cars  and  locomouves 

Gas  and  dust  explosions 

EzplosK'es 

Miscellaneous 

Shaft 

Surface 

Total,  25  yean 


Number  klllf 

Totel. 

Percent. 

182 

28.44 

81 

12.65 

196 

80.47 

32 

5.00 

1Q2 

15.94 

13 

2.03 

35 

5.47 

640 

100.00 

Per  1,000 

em- 
ployed. 


1.76 
.78 

1.87 
.30 
.98 
.13 
.33 


6.14 


FATALITIES  DUE  TO  THE  DIP  OR  PITCH  OF  COAL  SEAMS  IN  WASHINGTON  MINES, 

1905  TO  1912,  INCLUSIVE.* 

Oaose  of  accident. 

1905 

1906 

1907 

1906 

1909 

1910 

1911 

1912 

Coal  or  rock  slfdfnfir  djjwn  piteh,,, , , 

3 

1 

4 
4 

8 

2 

1 
6 

1 

1 

2 

3 

Thnhftr  slldinff  dovn  nitoh 

f^am  em  hftii  IfuvA  TtlAnAJi      

2 

7 
2 

1 

3 

5 
1 
3 

FalUnff  down  slooes  or  clmtea. . .  - 

1 

2 
2 

2 

3 

Suffocated  by  sras  outlnint.  - ...  -    r 

1 

Total 

5 
12 

11 

22 

11 
36 

9 
25 

6 
39 

6 
43 

U 
27 

5 

A11fAt^mif«                                  

14 

a  Compiled  from  State  mine  inspector's  reports. 
COAL-MINE  ACCIDENTS  IN  WASHINGTON  IN  WHICH  5  OR  MORE  MEN  WERE  KILLED. 


Date. 

Name  of  mine. 

Location  of  mine. 

Nature  of  accident. 

Number 
killed. 

1892   May  10. 

Roslyn 

Rosiyn 

Mine  explosion 

Mtne  Are . . 

45 

1894   Aug.24 

FnwVMT».  ..        ..  ... 

liinnklin 

37 

1896    Apn.8 

Blue  Canyon 

Lake  Whatcom 

Carbonado 

Mine  explosion 

do 

23 

1899    Dec.0 

Carbon  HiUNo.7 

l8saquahNo.4 

Lawaon 

31 

1900    Aug,  21 

lasaquah 

Smoke  from  burning 

air  shaft. 
Mine  explosion 

do 

5 

1902   Oct.l 

Black  Diamond 

Burnett 

Black  Diamond 

11 

1904    Dec.7 

No.5 

17 

1907   Apr,26 

Morgan 

7 

1909    Oct.3 

Northwestern 

Roslyn 

do 

10 

1910   Nov.6 

Lawson 

Black  Diamond 

do 

16 

1915    Nov.16 

Northwestern 

Ravensdale 

do 

31 

million  tons  of  coal  mined.  During  this  period  there  have  been  10 
mine  disasters  in  which  5  or  more  men  have  been  killed  at  one  time, 
making  a  total  of  202  fatalities.  Of  the  total  number  of  fatalities 
during  this  25-year  period  30.47  per  cent  was  due  to  gas  and  dust 
explosions;  28.44  per  cent  to  falls  of  roof  and  coal;  and  12.65  per  cent 
to  mine  cars  and  locomotives. 

Practically  all  of  the  mines  in  Washington  are  operated  on  an 
8-hour  basis,  and  for  purposes  of  comparison  with  9  and.  10  hour 
States,  Tables  40  and  41  have  been  compiled.  The  number  of  hours 
worked  per  year  per  man  is  2,023.  The  fatality  rate  based  on  the 
actual  number  of  employees  is  4.64,  as  compared  with  4.58  when 
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reduced  to  the  equivalent  of  2,000-hour  workers.  Table  41  gives 
similar  data  for  all  of  the  States,  so  that  comparisons  of  one  State 
with  another  may  be  readily  made. 

NUMBER  OF  HOURS  TO  THE  WORKING-DAY.  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  WASmNGTON^a 


Year. 


1908.. 
1904.. 
1906.. 
1906.. 
1907.. 
1908.. 
1909  b. 
1910.. 
1911.. 
1912.. 
1913.. 


&-hour  day. 


Niunlwr 
of  mines. 


6 
24 
18 
29 
41 
89 


'I 


40 
45 
42 
G2 


Men  em- 
ployed. 


342 
4,152 
3,644 
4,179 
6,694 
4,665 


6,129 
5,642 
5,344 
5,794 


9-hour  day. 


Number 
of  mines. 


Men  em- 
ployed. 


2,245 

70 

28 

106 

5 

20 


10-hour  day. 


Number 
of  mines. 


6 


8 
2 


Men  em- 
ployed. 


2,180 


353 
13 


50 


Men  em- 
ployed 
other 
than  8. 
9,  or  10 
hours 

per  day. 


1,066 
740 
231 
346 
799 


185 

1,594 

125 


Total 
number 
of  men 


ployed. 


7«6 


9tt 


814 


619 

794 


a  CkmipOed  from  annual  TObimeB  of  Mineral  Resources,  U.  8.  OeoL  Survey. 


b  Census  year. 


NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  WASHINGTON 
AND  THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  %000-HOUR  WORKERS. 


Year. 


1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 


Total  hours 

Number 

Fatalities. 

Days 

per  day 
(all  em- 

Total taours 

of  2,000- 

Per 

worked. 

per  year. 

hour 

1.000 

ployees). 

workers. 

Total. 

tooo- 

honr 
wo^eiik 

285 

44,751 

12,754,035 

6,377 

25 

Its 

243 

43,431 

10,553,733 

5.277 

31 

5.87 

227 

39,594 

8,987,838 

4,494 

12 

8.67 

266 

36,595 

9,734,270 

4,887 

22 

4.6S 

273 

47,911 

13,079,703 

6,540 

37 

5.66 

202 

44,601 

9,027,582 

4,514 

25 

6.M 

256 

50,607 

12,978,432 

6,489 

43 

6.6S 

225 

50,482 

13,383,450 

6.092 

27 

4.01 

226 

44.377 

10,029,202 

5,014 

14 

8.79 

260 

46,352 

12,061,520 

6,026 

22 

8. 65 

On  account  of  the  coal  beds  being  badly  upturned,  necessitating 
working  on  steep  pitches  or  dips,  there  is  an  unusual  percentage  of 
accidents  due  to  coal,  rock,  or  timber  sliding  down  from  a  working 
face,  from  cars  getting  loose  and  running  down  an  incline,  and 
from  men  falling  down  chutes  or  slopes.  About  30  per  cent  of  the 
fatalities  belong  to  this  group,  as  shown  in  the  accompanying  table. 
In  nearly  all  of  the  States,  the  bituminous  coal  beds  are  compara- 
tively flat,  but  Washington  is  an  exception  in  this  respect.  Outside 
of  certain  fields  in  Oklahoma  and  Colorado,  and  the  anthracite 
fields  in  eastern  Pennsylvania,  there  is  not  a  district  where  the 
coal  beds  are  as  steeply  inclined  as  in  Washington.  The  tables  of 
statistics  for  the  State  follow: 
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STATISTICS  OF  STRIKES  AND  LOCKOUTS  IN  AND  ABOUT  THE  COAL  MINES  IN 

WASHINOTON» 


Year. 


1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 


Number 

of  men 

affected. 


100 


aoo 

866 


Total 
days 
lost. 


8,000 


0,600 
25,020 


Average 
number 
of  days 
lost  per 


30 


33 
60 


Year. 


1907.. 
1906.. 
1909.. 
1910.. 

ion.. 

1012.. 

1913r. 

1914.. 


Number 

Total 

of  men 

days 

affected. 

lost. 

484 

O,  a%% 

226 

67,800 

123 

2;  300 

101 

803 

2,099 

22,216 

807 

31,347 

1,289 

60.145 

469 

25,410 

Average 
number 
of days 
lost  per 
man. 


18 
800 
10 
3 
10 
30 
40 
56 


a  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  8.  Qeol.  Survey. 
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¥FEST  TIBGINLL 

ARBA  AND  DISTBIBTTTION  OF  COAL  FIELDS. 

The  coal  fields  of  West  Virginia  occupy  all  of  the  area  on  the 
Western  slope  of  the  Appalachian  Mountains.  The  entire  area  of  the 
State  is  24,022  square  miles,  of  which  an  area  of  approximately  17,000 
square  mUes  is  coal-bearing.  Thirty  coimties  are  important  pro- 
ducers. The  6  coimties  heading  the  list,  in  the  order  of  their  pro- 
duction in  1913,  are  McDoweU,  Fayette,  Marion,  Harrison,  Kanawha, 
and  Logan,  each  of  which  mined  more  than  4,000,000  tons  of  coal. 

There  are  seven  important  fields,  the  three  in  the  northern  part  of 
the  State  being  (1)  Fairmont  field,  including  Harrison  and  Monroe 
counties;  (2)  Elk  Garden  (Piedmont),  or  Upper  Potomac  field,  includ- 
ing Mineral,  Grant,  and  Tucker  counties;  (3)  Phillipi  field,  including 
Preston,  Barbour,  and  Randolph  counties.  The  four  fields  in  the 
southern  part  of  the  State  are  as  follows:  (1)  New  River  field,  includ- 
ing Fayette  and  Raleigh  counties;  (2)  Kanawha  field,  including  Kan- 
awha and  parts  of  Boone  and  Putnam  counties;  (3)  Pocahontas  field, 
including  McDowell  and  Mercer  counties,  W.  Va.,  and  Tazewell 
County,  Va. ;  and  (4)  Big  Sandy  field,  which  is  a  continuation  of  the 
Kanawha  district  into  Logan  and  Mingo  counties. 

In  general  the  coal  beds  and  the  associated  sandstones,  limestones, 
and  shales  of  the  West  Virginia  fields  dip  northwestward  toward  the 
axis  of  the  great  Appalachi^  trough,  which  passes  through  the  north- 
western part  of  the  State  from  the  southwest  comer  of  Pennsylvania 
to  Wayne  County  on  Big  Sandy  River.  Notwithstanding  the  general 
regularity  of  this  great  trough,  the  southeastern  side,  especially  in 
northern  West  Virginia,  is  affected  by  a  number  of  anticlinal  folds 
trending  in  the  same  direction  as  the  axis  of  the  great  trough.  These 
smaller  folds  cause  the  dips  in  places  to  be  much  steeper  than  the 
normal,  and  on  the  southeast  flank  of  the  arch,  to  be  toward  the 
southeast.  This  is  well  illustrated  in  the  synclinal  trough  in  Preston 
County  east  of  the  Chestnut  ridge  anticline. 

OHABACTEB  OF  COAL  BEDS. 

All  of  the  West  Virginia  coal  is  bituminous  or  semibituminous,  the 
majority  of  which  is  of  high  rank. 

The  coal  increases  in  rank  from  west  to  east  across  the  State,  the 
semibituminous  coals  being  limited  to  small  fields  along  the  margin 
of  the  area.  These  fields  of  semibituminous  coal  are  Pocahontas, 
New  River,  and  Upper  Potomac  (Geoi^es  Creek).  These  coals  are 
preeminently  steam  coals,  going  into  the  market  as  '^  smokeless," 
but  they  also  are  used  to  a  limited  extent  in  coke  making. 

The  most  important  coal  in  the  Fairmont  and  Elk  Garden  dis- 
tricts is  the  Pittsburgh  (Elk  Garden  or  14-foot)  bed,  with  an  average 
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thickness  of  8  feet  6  inches,  of  which  7  feet  is  usually  mined.  The 
Waynesburg  and  Sewicldey  coal  beds  occur  in  the  Fairmont  district, 
but  are  little  worked.  They  vary  in  thickness  from  5  to  10  feet. 
The  Elk  Garden  district  also  contains  the  Thomas  or  Upper  Free- 
porty  2i  to  3}  feet  thick,  and  the  Davis  (Upper  Eittanning  or  '' Six- 
Foot' 0  bed,  varying  from  4  to  11  feet  in  thickness.  In  the  Kanawha 
district,  the  most  important  beds  are  ''No.  2  Gas"  and  the  Eagle 
(soft  coking  coal),  varying  in  thickness  from  3  to  5  feet,  and  the 
Coalburg  and  No.  5  (splint  coal),  varying  from  4  to  6  feet  thick. 

In  the  New  River  field  the  principal  beds  are  the  Sewell,  varying 
in  thickness  from  3}  to  5  feet;  Fire  Creek,  averaging  3  feet,  and  the 
Beckley,  varying  from  4  to  6  feet.  The  Pocahontas  field  produces 
coal  from  the  '*No.  3"  bed,  which  is  4  to  11  feet  thick,  averaging 
about  6  feet.  In  recent  years  considerable  development  work  has 
been  done  on  the  ''No.  4"  and  also  on  the  Sewell  bed. 

XININa  METHODS. 

The  earliest  records  showing  coal  production  of  West  Virginia  are 
for  1863,*  during  which  year  West  Virginia  became  a  State,  and 
444,648  short  tons  was  mined.  This  tonnage  has  gradually  increased 
until  in  1013  the  production  amounted  to  71,308,982  short  tons. 

As  the  majority  of  the  beds  outcrop  at  various  places,  nearly  all  of 
the  mines  are  opened  by  drifts  or  slopes,  few  shafts  being  necessary 
for  mming  operations.  The  room-and-pillar  method  of  minmg  is 
extensively  used.  In  1913,  there  were  1,479  locomotives  in  use  in 
the  mines,  of  which  1,365  were  electric,  46  steam,  40  compressed  air, 
and  28  gasoline. 

Mining  in  the  Elk  Garden  district  b^an  in  1881.  In  1891,  there 
were  8  machines  used  in  the  State  of  West  Virginia,  and  this  nimiber 
has  gradually  increased  until  in  1913  there  were  2,541  machines  in 
use.  The  average  production  per  machine  in  1913  was  15,116  tons. 
About  one-half  of  the  machines  used  are  of  the  chain-breast  type.  Of 
the  total  amount  of  coal  mined,  55.3  per  cent  in  1913  was  mined  by 
machines;  43.6  per  cent  was  mined  by  hand,  and  only  0.8  per  cent 
was  shot  ofi^  the  soUd. 

SEPOBTABLB   AOCEDBNTS  AND  OBOANIZAXION  OF  INSPBCTION 

S9BVICE. 

An  act  approved  March  11,  1879,  authorized  the  judge  of  any  cir- 
cuit court  in  any  county  to  appoint  a  mine  inspector  for  such  county, 
upon  a  petition  signed  by  100  voters  showing  that  any  coal  mine 
employing  more  than  10  men  was  not  sufficiently  ventilated.  Inspec- 
tors so  appointed  were  required  to  report  in  writing  on  the  first  day 
of  every  term  of  said  court  the  condition  of  all  such  mines  and  whether 

a  Prior  to  1863  the  production  of  ooaI  in  what  is  now  West  Virginia  was  reported  as  of  Virginia. 
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any  employee  had  been  injured,  and  the  cause  of  such  accident.  By 
an  act  approved  February  26,  1883,  the  inspection  service  was  placed 
under  the  jurisdiction  of  a  State  mine  inspector,  and  applied  to  all 
coal  mines  employing  15  or  more  miners.  The  inspector  was  re- 
quired to  render  an  annual  report  to  the  governor,  showing  number 
of  employees,  and  munber  of  persons  killed  or  injured.  The  act  of 
February  20, 1890,  divided  the  State  into  two  inspection  districts  and 
authorized  the  governor  to  appoint  a  mine  inspector  for  each  dis- 
trict, each  inspector  to  render  annual  reports  to  the  governor  for 
years  ending  June  30.  A  chief  mine  inspector  was  authorized  by  the 
act  of  February  17,  1897,  assisted  by  four  district  inspectors,  who 
rendered  monthly  reports  to  the  chief  inspector.  The  department  of 
mines  was  created  by  the  act  of  February  25,  1905,  and  placed  in 
chaise  of  the  chief  mine  inspector.  The  act  of  February  27,  1907, 
changed  the  title  of  chief  mine  inspector  to  that  of  chief  of  the  departs 
ment  of  mines,  and  the  inspection  law  was  extended  to  cover  all 
mines  employing  five  or  more  men.  Various  laws  have  increased  the 
number  of  district  inspectors  until  in  1914  there  were  twelve  such 
inspectors. 

A0CIDBNT8. 

Tables  138  and  139  show  the  production  of  coal  and  number  of 
men  employed,  together  with  the  fataUties  in  the  coal  mines  in  the 
State.  The  fataUties  have  been  compiled  from  the  reports  of  the 
State  mine  inspectors  and  are  based  on  a  calendar  year,  and  do  not, 
therefore,  necessarily  agree  with  the  inspectors'  figures  published  for 
fiscal  years.  During  the  period  from  1885  to  1913,  for  which  con- 
tinuous complete  records  are  available,  there  were  4,748  fatalities, 
representing  4.97  fatahties  per  1,000  men  employed.  The  amount 
of  coal  produced  per  fatality  during  this  period  was  160,635  tons  or 
6.23  fataUties  per  miUion  tons  of  coal  mined.  During  this  period 
there  have  been  30  mine  disasters,  in  each  of  which  5  or  more  men 
were  killed. 

FATALITIES  IN  WEST  VIRGINIA  COAL  MINES,  BY  PRINCIPAL  CAUSES,  1885  TO  1913 

INCLUSIVE. 


Cause  of  accident. 


Undereround: 

Fall  of  roof  and  pillar  (coal,  rock,  etc.) 

Mine  cars  and  locomotives 

Oas  and  dust  explosions 

Sxplosiyes 

Miscellaneovis 

Sbaft 

Sorfaoe 

Total,  29  years 


Number  killed. 


Total. 


2,452 
557 

1,036 

155 

202 

67 

279 


4,748 


Percent. 


51.64 
11.73 
21.82 
3.27 
4.25 
1.41 
5.88 


100.00 


Per  1,000 

em- 
ployed. 


2.57 
.58 

1.09 
.16 
.21 
.07 
.29 


4.97 
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COAL-MINE  ACCIDENTS  IN  WEST  VIRGINIA  IN  WHICH  5  OR  MORE  MEN  WERE  KILLED. 


Date. 


886    Jan.  31. 
894    Nov.  20. 


900 
900 


Mar.  6. 
Nov.  2. 


901  May  15.. 

902  S«pt.l5. 
902  Sept.  22. 
905  Feb.  26.. 


Name  of  mine. 


Newburg. 
Blanche.. 


Red  Asb.. 
Berrybm-g. 


QftK  fMar.  18. 
**  \Mar.  19. 
905  Apr.  20. 
905    Nov.  4. 


906 
906 
906 
906 
906 

907 
907 
907 
907 
907 
908 
908 
909 
909 
910 
911 
911 
912 
912 
914 
914 


Dec.  4.. 
Jan. 4.. 
Jan.  18. 
Feb.  8. . 
Mar.  22. 


Jan.  26. 
Jan.  29. 
Feb.  4.. 
Mayl.. 
Dec.  6.. 
Jan.  30. 
Dec.  29. 
Jan.  12. 
Mar.  31. 
Dec.  31. 
Apr.  24. 
Nov.  18, 
Mar.  20. 
July  11. 
Apr.  28. 
June  30. 


915  Feb.O.. 
915  Mar.  2.. 
915    Nov.  30. 


Chatham 

AlgomaNo.  7. 

Stafford 

Grapevine 


\Rush  Run  and  Red 
/    Aah. 

Cabin  Creek 

Tidewater 


Horton 

Coaldale 

Detroit 

Parral 

Century  No.  1. 


25. 


Lorentz 

Stuart 

Thomas  No. 

Whipple 

Monongah  Nos.  6  and  8. 

Backman 

Lidc  Branch ^ . . 

do 

Echo 

Lick  Fork 

OttNo.20 

Bottom  Creek 

Jed 

Panama 

Eccles  Nos.  5  and  C . . . 
Chidrella. 


Carlisle 

Layland  No.  3. 
Boomer  No.  2. 


Location  of  mine. 


NewbuTK. 
Standara. 


Red  Ash.. 
Berryburg. 


Farmington. 

Algoma 

Stafford 

Wflcoe 


Nature  of  accident. 


\RedAjh. 


Kayford. 
Vivian.. 


Horton.. 
Coaldale. 
Detroit.. 
Parral... 
Century. 


Peooo 

Stuart 

Thomas 

Scarboro 

Monongah... 
Hawk's  Nest. 
Switchback.. 

do 

Buerv 

Thacker 

Elk  Garden.. 

Vivian 

Jed. 


Moimdsville. 

Eodes. 

Cindrella. . . . 


Carlisle. . 
Layland. 
Boomer. 


Mine  explosion 

Powder  and  ooal-dust 
explosion. 

Mine  explosion 

Powder-smoke  explo- 
sion. 

Mine  explosion. 

do 

....do 

Powder  and  mine  ex- 
plosion. 

Mine  explosion 

Powder  explosion 

Powder  and  mine  ex- 
plosion. 

Mine  fire 

Mine  explosion 

....do •. 

....do 

Powder  and  mine  ex- 
plosion. 

Powder  explosion 

Mine  explosion 

....do 


.do. 
.do. 
.do. 
.do. 
.do. 


Dynamite  explosion.. 

Mine  cars 

Mine  explosion 

....do... 

....do 


.do. 
.do. 


Suffocated  by  fumes 
from  fire  in  fan 
house. 

Mine  explosion 

do 

do 


Number 
killed. 


39 
8 

46 
15 

10 

17 

6 

G 

24 
6 


7 
22 
18 
23 
23 

12 
84 
25 
16 
361 

9 
50 
67 

6 
10 
23 
18 
81 

8 
181 

5 


21 

112 

23 


Of  the  total  number  of  fatalities  during  the  29-year  period,  51.64 
per  cent  were  due  to  falls  of  roof  and  coal;  21.82  to  gas  and  dust 
explosions;  and  11.73  to  mine  cars  and  locomotives.  Fatalities  due 
to'  explosives  were  comparatively  few,  representing  only  3.27  per 
cent  of  the  total.  The  percentage  of  fatalities  due  to  explosives  in 
Oklahoma  for  a  period  of  21  years  was  15.77;  in  Ohio,  for  a  period  of 
30  years,  7.02;  and  in  Illinois,  for  a  period  of  29  years,  13.47. 

Since  1903,  both  the  9-hour  and  the  10-hour  day  have  prevailed 
throughout  the  State,  there  being  more  than  50  per  cent  of  the  men 
employed  on  a  10-hour  basis.  For  a  true  comparison  with  other 
States  where  an  8-hour  or  a  9-hour  day  prevails,  the  time  element 
has  been  taken  into  consideration,  and  Tables  40  and  41  have  been 
compiled  on  the  basis  of  the  actual  number  of  men  employed  over  a 
10-year  period,  1903  to  1913,  inclusive,  except  1909;  also  on  the 
basis  of  2,000-hour  workers.  The  fatality  rate  during  the  10-year 
period  based  on  the  actual  number  of  employees  is  5.53  per  1,000, 
and  reduced  to  the  equivalent  of  2,000-hour  workers  becomes  5.18. 
The  number  of  hours  worked  a  year  per  man  in  West  Virginia  is 
2,132,  as  compared  with  1,495  for  Ohio.    The  Ohio  rate  based  on  the 
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NUMBER  OP  HOURS  TO  THE  WORKING  DAY,  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINES  IN  WEST  VUGINIA^ 


Year. 


Miourday. 


Number 
of  mines. 


Men  em- 
ployed. 


0>hoar  day. 


Number 
of  mines. 


Menemr 
ployed. 


10-hoar  day. 


Number 
of  mines. 


Men  em- 
ployed. 


Men  em- 
ployed 
other 

than  8.9, 
and  10 

hours  per 
day. 


Total 
number 
of  m«B 


plojod. 


19Q3.. 
1904.. 
1906.. 
1906.. 
1907.. 
1908.. 
1909  6. 
1910.. 
1911.. 
1912.. 
1913... 


45 
53 
49 
43 
35 
30 


1,685 
1,870 
8,582 
2,510 
1,879 
1,342 


110 
137 
161 
190 
156 
180 


10,311 
11,865 
14,387 
15,208 
13,386 
14,426 


212 
271 
251 
306 
322 
403 


22,260 
30,751 
25,731 
31,531 
32,006 
30,650 


7,298 
2,759 
4,739 
1,711 
11,759 
1,643 


60,960 


66.4IS 


49 
49 
47 
29 


4,671 
4,242 
4,950 
1,864 


133 
126 
119 
369 


12,960 
11,477 
10,815 
35,123 


494 
527 
635 
366 


50,432 
49,996 
50.944 
37,094 


610 
1,085 
1,530 

705 


•6,800 


74,786 


o  Compiled  from  annual  vohmies  of  Mineral  Resources,  U.  S.  Qeol.  Survey.         b  Census  year. 

NUMBER  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINES  IN  WEST  VIBGINIA 
AND  THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2.000-HOUR  WORKERS. 


Year. 


1903. 
1904. 
1905. 
1906. 
1907. 
1906. 
1909. 
1910. 
1911. 
1912. 
1913. 


Days 
worked. 


210 
197 

220 
230 
186 


Total  hours 
per  day 
(all  em- 
ployees). 


304,561 
453,996 
457,700 
487,661 
561,387 
550,057 


Total  hours 
per  year. 


82,857,810 

89,437,212 

95,059,300 

107,285,420 

129,119,010 

101,760,545 


Number 
of  2,000- 
hour 
workers. 


41,429 
44,719 
47,830 
53,643 
64,560 
50,880 


Fatalities. 


Total. 


147 
149 
212 
277 
736 
310 


Per 

1,000 
2,000- 
hour 
workers. 


3.66 

3. 83 
4.48 

6.16 

XL  40 

6.00 


228 
221 
266 
234 


663,728 
646,954 
660,217 
706,304 


151,329,984 
142,976,834 
175,617,722 
165,743,136 


75,665 
71,488 
87,809 
82,872 


329 
341 
381 
337 


4.36 

4.77 
4.34 

4.07 


actual  number  of  employees  is  2.94,  and  reduced  to  the  equivalent 
number  of  2,000-liour  workers  becomes  3.94,  so  that  the  difference 
between  the  figures  for  the  two  States  is  not  so  great  as  would  appear 
when  the  rates  are  based  on  the  actual  number  of  employees.  Simi- 
lar comparisons  in  these  details  may  be  made  with  other  States  by 
referring  to  Table  41.    The  tables  of  statistics  for  the  State  follow: 

STATISTICS  OF  STRIKES  AND  LOCKOUTS  IN  AND  ABOUT  THE  COAL  MINES  IN  WEST 

TI]tGINIA.a 


Year. 


1899 
1900 
1901 
1902 
1903 
1904 
1906 
1906 


Number 

of  men 

fleeted. 


3,468 
1,883 
1,438 
18.129 
1,524 
3,682 
462 
4,101 


Total 
days 
lost. 


76,829 
44,318 
45,161 
1,362,054 
63,212 

167,343 
12,111 

123,724 


Average 
number 
of  days 
lost  per 

irum. 


22 
24 
31 
75 
41 
45 
26 
30 


Year. 


1907 
1906 
1909 
1910 
1911 
1912 
1913 
1914 


Number 

• 

Total 

of  men 

days 

affected. 

lost. 

617 

9,749 

501 

71,902 

1,919 

29,565 

1,630 

13,985 

1,510 

16,483 

12,165 

606,588 

8,800 

377,405 

9,330 

466,768 

Average 
number 
of  days 
lost  per 
man. 


16 
144 
15 
9 
11 
50 
43 
50 


a  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  S.  Geol.  Survey. 
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WYOMING. 

ABEA  AND  DISTRIBUTION  OF  COAL  FIELDS. 

The  coal  fields  of  Wyoming  comprise  an  area  of  about  25,000  square 
miles.  In  addition  to  this  area,  in  which  the  coal  beds  arc  fairly  well 
known,  there  are  a  number  of  deep  basins  such  as  Bighorn  Basin, 
Wind  River  Basin,  and  Green  River  Basin,  aggregating  16,000  square 
miles,  in  which  coal  beds  are  doubtless  present,  but  are  at  such  a  depth 
as  possibly  to  be  unavailable. 

The  most  important  region  in  point  of  quality  of  coal  and 
quantity  produced  is  the  Green  River  Basin,  including  the  belt  of 
disturbed  rocks  in  Lincoln  and  Uinta  counties.  This  region  com- 
prises about  18,000  square  miles  underlain  by  coal-bearing  rocks, 
but  an  area  of  only  8,000  square  miles  contains  coal  beds  that  are  now 
accessible.  This  region  includes  the  Kemmerer  and  Rock  Springs 
districts,  which  produce  practically  aU  of  the  high-grade  coal  of  the 
State.  The  production  of  this  region  in  1913  was  about  4,500,000 
tons. 

The  r^ion  of  next  importance  is  the  Powder  River  region,  which 
has  an  area  of  74,000  square  miles.  Of  this,  an  area  of  about  11,000 
square  miles  is  believed  to  be  underlain  by  coal  beds  more  than  3  feet 
thick.  The  coal  in  this  field  is  subbituminous,  and  Sheridan  is  tlie 
chief  center  of  production. 

In  the  Bighorn,  Wind  River,  and  Hanna  Basins  and  in  the  belt  of 
disturbed  rocks  in  Lincoln  and  Uinta  counties  the  coal  beds  are  con- 
siderably disturbed  and  in  places  dip  at  high  angles,  but  in  other 
fields  the  dips  are  low  and  regular,  or  the  beds  are  practically  flat. 

CHARACTER  OF  COAL  BEDS. 

The  general  structure  of  the  Rock  Springs  district  of  the  Green  River 
field  is  that  of  a  dome,  the  axis  of  which  is  about  90  miles  long  extend- 
ing north  and  south.  The  coal  beds  on  the  west  of  this  anticlinal  axis 
dip  5°  to  30°,  whereas  those  on  the  east  vary  from  5®  to  10®.  There 
are  many  normal  faults  of  less  than  100  feet  in  displacement.  There 
are  four  coal-bearing  groups,  containing  20  beds  2  to  12  feet  thick, 
aggregating  90  feet  at  Rock  Springs,  Sweetwater  County,  which 
produced  in  1913  about  35  per  cent  of  the  State's  output. 

In  the  Kemmerer  district,  Lincoln  County,  there  are  three  principal 
coal  beds  known  as  the  Upper,  Main,  and  Lower  Kemmerer  beds. 
These  range  from  4  to  14  feet  in  thickness  and  are  generally  con- 
sidered as  the  best  coals  in  the  State.  They  dip  20°  to  25°  to  the 
west.  This  district  has  the  distinction  of  containing  the  thickest 
coal  bed  that  has  been  mined  in  the  United  States.  It  is  84  feet 
thick  in  the  old  prospect  entry,  but  as  the  coal  slacked  badly  the  mine 
was  abandoned. 
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In  the  Powder  River  field,  immodiately  east  of  Sheridan,  there 
are  5  coal  beds  as  follows:  Healy,  10  to  15  feet  thick;  Felix,  6  to  30 
feet  thick;  Arvada,  5  to  10  feet  thick;  Roland,  3  to  7  feet  thick; 
and  Smith,  4  to  10  feet  thick.  South  of  Sheridan  is  a  small  area, 
known  as  the  Buffalo  district,  containing  the  Healy  bed,  which  is 
about  15  feet  thick,  and  the  Walters  bed,  which  is  35  feet  thick. 
These  beds  are  also  horizontal.  Sheridan  County  in  this  field 
produced  15  per  cent  of  the  State's  1913  output. 

In  the  Little  Snake  River  field  the  coal  beds  are  inclined  from 
horizontal  to  about  35®.  The  coal  is  3  to  12  feet  thick,  with  shale 
and  sandstone  roof. 

In  the  Bighorn  Basin  the  beds  dip  3°  to  56°,  varying  from  5  to  10 
feet  in  thickness.     Little  coal  has  been  mined  from  thLs  area. 

MININa  METHODS. 

The  earliest  statistics  of  coal  production  in  Wyoming  are  for  1865, 
when  800  tons  of  coal  was  produced.  In  1913  the  production  was 
7,393,066  tons. 

In  most  of  the  mines  thus  far  developed  in  the  Rock  Springs 
district  the  roof  and  floor  of  the  coal  beds  are  firm  and  give  little 
trouble.  The  majority  of  the  mines  are  opaned  by  slopes  and  a 
few  by  shafts.  The  room-and-pillar  method  of  mining  is  used  in 
coal  beds  varying  from  4  to  8  feet  in  thickness.  In  the  Rock  Springs 
district  a  large  percentage  of  the  coal  is  mined  by  shooting  off  the 
solid.     There  is  comparatively  Uttle  gas  in  the  mines. 

In  the  northern  part  of  the  State,  in  Sheridan  County,  mines  are 
opened  by  drifts  and  the  coal  is  mined  by  room-and-pillar  methods. 
The  coal  beds  are  thicker  than  in  the  Rock  Springs  district,  varying 
from  10  to  19  feet,  and  in  places  are  25  to  30  feet  thick. 

Mining  machines  havq  been  in  use  in  Wyoming  since  about  1890. 
In  1913  there  were  195  machines  in  use,  producing  41  per  cent  of 
the  coal;  36.7  per  cent  was  mined  by  being  shot  off  the  solid;  and 
21.9  per  cent  by  hand  mining.  A  number  of  the  mines  are  using 
electric  coal-cutting  machines,  and  haulage  is  by  mules  and  electricity. 

BEPORTABLE    ACCIDENTS   AND   ORGANIZATION   OF   INSPECTION 

SERVICE. 

The  inspection  of  coal  mines  was  placinl  under  the  jurisdiction 
of  a  Territorial  mine  inspector  by  an  act  approved  February  25, 
1886,  covering  all  coal  mines  in  which  10  or  more  men  were  employed. 
Operators  were  required  to  render^  to  the  inspector  immediate  reports 
of  all  fatal  and  serious  accidents.  All  fatal  accidents  were  to  be 
reported  to  the  county  coroner  also,  and  upon  such  notice  an  investi- 
gation was  conducted  to  determine  the  cause  of  the  accident.  The 
inspector  rendered  quarterly  reports  showing  number  of  accidents 
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and  deaths  from  injuries,  number  employed  at  the  mines,  etc.,  and 
published  his  report  in  at  least  one  paper  in  each  county  in  which 
there  were  any  coal  mines.  The  act  of  February  17,  1903,  divided 
the  State  into  two  inspection  districts  and  authorized  the  governor 
to  appoint  a  mine  inspector  for  each  district,  the  inspector  to  render 
quarterly  reports  of  accidents.  By  the  act  of  February  27,  1909, 
the  inspectors  were  required,  within  one  week  after  the  examination 
of  each  mine,  to  send  a  written  report  of  such  examination  to  the 
governor  and  also  to  file  with  the  governor  an  annual  report  not 
later  than  December  I  of  each  year.  There  are  no  regular  deputy 
or  assistant  inspectors,  but  the  district  inspectors  are  authorized 
to  appoint  temporary  deputies  to  investigate  accidents  when  it  is 
impossible  for  the  district  inspectors  to  be  present  in  person. 

Prior  to  the  enactment  of  the  workmen's  compensation  law,  mine 
operators  reported  to  the  inspectors  only  those  injuries  resulting  in 
disability  to  an  employee  for  at  least  14  days,  and  these  were  pub- 
lished in  the  inspectors'  annual  reports.  Under  the  compensation 
law,  which  became  effective  April  1,  1915,  all  accidents  at  mines 
are  required  to  be  reported. 

ACCIDENTS. 


Tables  140  and  141  show  the  production  of  coal  and  number  of 
employees  since  1889  to  the  end  of  1913.  The  fatality  records  are 
not  so  complete,  continuous  records  being  available  only  from  1908 
to  the  end  of  1913.  During  this  period  of  6  years  there  were  241 
fatalities  in  and  about  the  coal  mines,  representing  5.21  fatalities 
per  1,000  men  employed.  The  production  of  coal  per  fatality  was 
169,801  tons,  or  5.89  fatalities  per  million  tons  of  coal  mined.  Of 
the  total  number  of  men  killed  during  the  6-year  period,  47.30  per 
cent  was  due  to  falls  of  roof  and  coal;  27.80  per  cent  to  gas  and 
dust  explosions;  and  9.13  per  cent  to  mine  cars  and  locomotives. 

FATALITIES  IN  WTOBaNG  COAL  MINES.  BY  PRINCIPAL  CAUSES,  DURING  THE  YEARS 

1908  TO  1913,  INCLUSIVE. 


Cause  of  accident. 


Undergroand: 

Fall  of  roof  and  pillar  (coal,  rock,  etc.) 

Mine  cars  and  locomotives 

Qas  and  dust  explosions 

Explosives 

Miscellaneous 

Shaft 

Sur&ce 

Total,  6  years 


Number  killed. 


Per  1,000 

TotPl. 

Per  cent. 

em- 

ployed. 

114 

47.30 

2.46 

22 

9.13 

.48 

67 

27.80 

1. 15 

13 

6.40 

.28 

17 

7.05 

.37 

1 

.41 

.02 

7 

2.91 

.15 

241 


100.00 


5.21 
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COAI^lflNE  ACCIDENTS  IN  WYOMING  IN  WHICH  6  OR  MORE  MEN  WERE  KILLED. 


Date. 

Name  of  mine. 

I^ocationofmine. 

Nature  of  accident. 

Number 
killed. 

1881    Mar.  4 

Almy 

Almy      

Mine  explosion 

do..;. 

38 

1«86    Jan.  13 

Almy  No.  4 

do 

13 

1805    Mar.  20 

Red  Canvon 

Red  Canyon 

do 

60 

1901    Feb.  25 

DiamondvPile  No.  I . . . 
DIamondvilto 

DJamondviUe 

Mine  fire 

28 

1901    Oct.26 

do 

Mine  explosion 

Mine   explosion   and 
fire. 

Mine  explosion. 

do..: 

22 

1903    June  30 

Hanna  No.  1 

Hanna. . .   

160 

1905    Dec.  1 

Diamondville  No.  I . . . 
Ilanna  No.  1 

Diamondville 

18 

1908    Mar.  28 

HftTiT>a , 

69 

1912    Jan.  20 

Kemmerer  No.  4 

Union  Pacific  No.  2... 

Kemmeror 

do 

6 

1914    Apr.  29 

Cumberlandxx 

Mine  cars 

5 

Since  1881  there  have  been  1 1  coal-mine  disasters,  in  each  of  which 
five  or  more  men  were  killed  at  one  time,  representing  428  fatalities. 
A  list  is  given  in  the  accompanying  table. 

Since  1907  the  mines  in  Wyoming  have  been  operated  on  an 
8-hour  basis,  and  for  comparison  with  States  having  9-hour  and 
10-hour  days,  the  time  element  has  been  taken  into  consideration. 
The  number  of  hours  worked  per  annum  per  man  in  Wyoming  for 
the  10-year  period  1903  to  1913,  except  1909,  was  2,137.  The 
fatality  rate  during  the  5  years  1908,  1910,  1911,  1912,  and  1913, 
for  which  complete  records  are  available,  is  5.38,  based  on  the  actual 
number  of  employees,  whereas  jj^  based  on  the  equivalent  number 
of  2,000-hour  workers  it  becomes  5.71.  By  referring  to  Tables  40 
and  41,  comparisons  with  other  States  may  be  readily  made.  The 
tables  of  statistics  for  the  State  follow: 

NUMBER  OF  HOURS  TO  TIIK  WORKING  DAY.  BY  YEARS,  IN  AND  ABOUT  THE  COAL 

MINi:S  IN  WYOAaNCa 


8-hoiir  day. 

9-hour  day. 

10-hour  day. 

Men  em- 
ployed 
other 

than  8. 9, 
or  10 
hours 

per  day. 

Total 

Year. 

Number 
of  mines. 

Number 
of  men. 

Number 
of  mines. 

Number, 
of  men. 

Number 
of  mines. 

Number 
of  men. 

number 
of  men 

em- 
ployed. 

190.3 

2 
6 
2 
2 
37 
61 

289 

19 

8 

8 
6,382 
6,802 

2 

1 
2 
2 
6 

583 
491 
456 
25 
197 

20 
17 
26 
29 

4,024 
6,087 
6,492 
6,500 

97 
63 
21 
401 
66 
96 

4.993 

190-1 

5,660 

1905 

5.977 

1906 

5.934 

1907 

6.645 

i9as 

2 

17 

6.916 

19096 

7,123 

1910 

4i 
60 
60 
56 

"  6.i75 
6,571 

7.807 
8,321 

i 

1,596 

1,542 

226 

7.771 

1911 

2                 6* 
1  .              .3 

8.118 

1912 

S.036 

1913 

2 

6 

1 

4 

8.331 

a  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  S.  Geol.  Survey.         t>  Census  year. 
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NUKBEB  OF  HOURS  WORKED  IN  AND  ABOUT  THE  COAL  MINE8  IN  WYOMING  AND 
THE  FATALITY  RATE  BASED  ON  THE  NUMBER  OF  2,000-HOUR  WORKERS. 


Year. 


1903. 
1911. 

190t>. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 


Days 
worked. 


Total  hours 
per  day     Total  hours 
(all  era-    f  per  year. 
ployeeO- 


Numl3er 

of  2,000 

hour 

workers. 


252 
262 
236 
281 
275 
217 


48.672 
56.008 
59.277 
58.  S')S 
5.'Mj3 
55,450 


12.265.344 

14.(>74.0i>0 
13.9SU.372 
16.."..>0.3:W 
14.691.325 
12,032,650 


6.133 

7,  .337 
6.995 
8,275 
7.346 
0,017 


Fatalltie;. 


Per 

1,000 

2.000- 

honr 

workers. 


13.46 


248 
230 
238 
232 


63, 764 

66. 491 
W.517 
66,662 


15. 813. 4?2 
15.292,930 
15.355.016 
15.465.584 


7,907 

7,647 

■7.678 

7.733 


4.W 

4.18 
4.68 
S.36 


ST.\TISTICS  OF  STRIKES   AND    LO(^KOUTS  IN   AND   ABOUT  THE   COAL    MINKS    IN 

WYOMING-a 


Year. 

Numl)er 

of  men 

affected. 

Total 
days 
lost. 

A  vera '.'p 
number 
of  davs 
lost  per 
man. 

1899 

1900 

1901 

1902 

100 

1,120 

7 

1903 

413 

4,130 

10 

1904 

1905 

192 
231 

192 
5,775 

1 

1906 

25 

Year. 

Number 

of  men 

affected. 

Total 
days 
lost. 

Avera:»e 
number 
of  days 
lost  per 
man. 

1907 

1.785 
4,658 

22,060 
99,576 

12 

1<K)8 

21 

1909 

1910 

'    1,196 

12,792 

11 

1011 

1912 

360 

3,425 

10 

1)13 

1914 

248 

2,727 

11 

a  Compiled  from  annual  volumes  of  Mineral  Resources,  U.  S.  Geol.  Survey. 
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PUBLICATIONS  ON  MINE  ACCIDENTS  AND  METHODS  OF  COAL  MINING. 

Limited  editions  of  the  following  Bureau  of  Mines  publications  arc 
temporarily  available  for  free  distribution.  Requests  for  all  publi- 
cations can  not  be  granted,  and  appLcants  should  select  only  those 
publications  that  arc  of  especial  interest  to  them.  All  requests  for 
publications  should  be  addressed  to  the  Director,  Bureau  of  Mines, 
Washington,  D.  C. 

Bulletin  17.  A  primer  on  exi>losiveH  for  coal  minors,  by  C.  E.  ^fun^oe  and  Olaronce 
Hall.  61  pp.,  10  pLs.,  12  figs.  Reprint  of  United  Stat<»fl  Goological  Survey  Bulletin 
423. 

Bulletin  20.  The  explosibility  of  coal  dust,  by  G.  S.  Rice,  \\ath  chapters  by  J.  (\W. 
Prazer,  Axel  Lareen,  Frank  Haas,  and  Cari  Scholz.    204  pp.,  14  pis.,  28  figs. 

Bulletin  42.  The  sampling  and  examination  of  mine  gases  and  natural  gas,  by  G.  A . 
Burrell  and  F.  M.  Seibert.     1913.     116  pp.,  2  pis.,  23  figs. 

Bulletin  45.  Sand  available  for  filling  mine  workings  in  the  Northern  Anthracite 
Coal  Basin  of  Pennsylvania,  by  N.  II.  Darton.    1913.    33  pp.,  8  pis.,  5  figs. 

Bulletin  46.  An  investigation  of  explosion-proof  mine  motors,  by  II .  II.  Clark. 
1912.     44  pp.,  6  pis.,  14  figs. 

Bulletin  50.  A  laboratory  ^tudy  of  the  inflammability  of  coal  dust,  by  J.  0.  W. 
Frazer,  E.  J.  Hoffman,  and  L.  A.  SchoP,  jr.    1913.    60  pp.,  95  figs. 

Bulletin  52.  Ignition  of  mine  gases  by  the  filaments  of  incandescent  electric  lamps, 
by  H.  H.  Clark  and  L.  C.  Ilsley.    1013.    31  pp.,  6  pis.,  2  figs. 

Bulletin  56.  First  series  of  coal-dust  explosion  tests  in  the  experimental  mine,  by 
G.  S.  Rice,  L.  M.  Jones,  J.  K.  Clement,  and  W.  L.  Egy.     1913.     115  pp.,  12  pis.,  28  figs. 

Bulletin  60.  Hydraulic  mine  filling;  its  use  in  the  Pennyslvania  anthracite  fields; 
a  preliminary  report,  by  Charles  Enzian.     1913.     77  pp.,  3  pis.,  12  figs. 

Bulletin  62.  National  mine-rescue  and  first-aid  conference,  Pittsburgh,  Pa.,  Sep- 
tember 23-26,  1912,  by  H.  M.  Wilson.     1913.    74  pp. 

Bulletin  68.  Electric  switches  for  use  in  gaseous  mines,  by  H.  H.  Clark  and  R.  W. 
Crocker.    1913.    40  pp.,  6  pis. 

Bulletin  69.  Coal-mine  accidents  in  the  United  States  and  foreign  countries,  com- 
piled by  F.  W.  Horton.     1913.     102  pp.,  3  pis.,  40  figs. 

Bulletin  83.  The  humidity  of  mine  air,  with  e8i)ecial  reference  to  coal  mines  in 
Illinois,  by  R.  Y.  Williams.    1914.    69  pp.,  2  pis.,  7  figs. 

Bulletin  99.  Mine-ventilation  stoppings,  with  especial  reference  to  coal  mines  in 
Illinois,  by  R.  Y.  Williams.    1915.     30  pp.,  4  pis.,  4  figs. 

Bulletin  101.  Abstracts  of  current  decisions  on  mines  and  mining,  October,  1914, 
to  April,  1915,  by  J.  W.  Thompson.     1915.     138  pp. 

Technical  Paper  4.  The  electrical  section  of  the  Bureau  of  Mines,  its  purpose  and 
equipment,  by  H.  H.  Clark.    1911.    12  pp. 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  t-emperature  and 
prea8ure,by  W.O.Snelling  and  W.C.  Cope.    1912.    28  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners*  squibs,  by  Clarence  Hall 
and  S,  P.  HoweU.    1912.    19  pp. 

Technical  Paper  11.  The  use  of  mice  and  birds  for  detecting  carbon  monoxide 
after  mine  fires  and  explosions,  by  G.  A.  Burrell.    1912.     15  pp. 
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Technical  Paper  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A.  Bur- 
rell  and  F.  M.  Seibert.     1912.    16  pp.,  1  fig. 

Technical  Paper  14.  Apparatus  for  gas-analysis  laboratories  at  coal  mines,  by 
G.  A.  Burrell  and  F.  M.  Seibert.     1913.    24  pp.,  7  figs. 

Technical  Paper  15.  An  electrolytic  method  of  preventing  corrosion  of  iron  and 
steel,  by  J.  K.  Clement  and  L.  V.  Walker.     1913.     19  pp.,  10  figs. 

Technical  Paper  17.  The  effect  of  stemming  on  the  efl&ciency  of  explosives,  by 
W.  O.  Snelling  and  Clarence  Hall.     1912.    20  pp.,  11  figs. 

Technical  Paper  18.  Magazines  and  thaw  houses  for  explosives,  by  Clarence 
Hall  and  S.  P.  Howell.     1912.    34  pp.,  1  pi.,  5  figs. 

Technical  Paper  19.  The  factor  of  safety  in  mine  electrical  installations,  by 
H.  H.  (lark.     1912.     14  pp. 

Technical  Paper  22.  Electrical  s>anbols  for  mine  maps,  by  IF.  11.  Clark.  1912. 
11  pp.,  8  figs. 

Technical  Paper  28.  Ignition  of  mine  gas  by  standard  incandescent  lamps,  by 
H.  H.  Clark.    1912.    6  pp. 

Technical  Paper  29.  Training  with  mine-rescue  breathing  apparatus,  by  J.  W. 
Paul.     1912.     15  pp. 

Technical  Paper  39.  The  inflammable  gases  in  mine  air,  by  G.  A.  Burrell  and 
F.  M.  Seibert.     1913.    24  pp.,  2  figs. 

Technical  Paper  43.  The  effect  of  inert  gases  on  inflammable  gaseous  mixtures, 
by  J.  K.  Clement.     1913.     24  pp.,  1  pL,  8  figs. 

Technical  Paper  44.  Safety  electric  switches  for  mines,  by  II.  H.  Clark.  1913. 
8  pp. 

Technical  Paper  47.  Portable  electric  mine  lamps, J)y  H.  II.  Clark.    1913.    13  pp.  " 

Technical  Paper  48.  Coal-mine  accidents  in  the  United  States,  1896-1912,  with 
monthly  statistics  for  1912,  compiled  by  F.  W.  Ilorton.    1913.    74  pp.,  10  figs. 

Technical  Paper  52.  Permissible  explosives  tested  prior  to  March  1,  1913,  by 
Clarence  Hall.    1913.     11  pp. 

Technical  Paper  58.  The  action  of  acid  mine  water  on  the  insulation  of  electric 
conductors;  a  preliminary  report,  by  H.  H.  Clark  and  L.  (■.  Ilsley.  1913.  26  pp., 
Ifig. 

Technical  Paper  69.  Production  of  explosives  hi  the  United  States  during  the 
calendar  year  1912,  compiled  by  A.  H.  Fay.    1914.    8  pp. 

Technical  Paper  71.  Permissible  explosives  tested  prior  to  January  1,  1914,  by 
Clarence  Hall.    1914.     12  pp. 

Technical  Paper  75.  Permissible  electric  lamps  for  miners,  by  H.  H.  Clark. 
1914.    21  pp.,  3  figs. 

Technical  Paper  76.  Notes  on  the  sampling  and  analysis  of  coal,  by  A.  C.  Field- 
ner.     1914.    59  pp.,  6  figs. 

Technical  Paper  77.  Report  of  the  Committee  on  Resuscitation  from  Mine  Gases, 
by  W.  B.  Cannon,  George  W.  <'rile,  Joseph  Erlanger,  Yandell  Henderson,  and  S.  T. 
Meltzer.     1914.    36  pp.,  4  figs. 

Technical  Paper  78.  Specific-gravity  separation  applied  to  the  analysis  of  min- 
ing explosives,  by  C.  G.  Storm  and  A.  L.  Hyde.     1914.     13  pp. 

Technical  Paper  84.  Methods  of  preventing  and  limiting  explosions  in  coal 
mines,  by  G.  S.  Rice  and  L.  M.  Jones.     1915.    45  pp.,  14  pis.,  3  figs. 

Technical  Paper  100.  Permissible  explosive.^  tested  prior  to  March  1,  1915,  by 
S.  P.  Howell.     1915.     15  pp. 

Miners'  Circular  5.  Electrical  accidents  in  mines,  their  causes  and  prevention, 
by  H.  H.  Clark,  W.  D.  Roberta,  L.  C.  Ilsley,  and  H.  F.  Randolph.  1911.  10  pp., 
3  pis. 

Miners'  Circular  8.  Firat-aid  instructions  for  miners,  by  M.  \V.  Glasgow,  W  A. 
Raudenbush,  and  C.  O.  Roberts.     1913.    07  pp.,  51  figs. 
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Miners'  Circular  12.  Use  and  care  of  miners'  safety  lamps,  by  J.  W.  Paul.  1913. 
16  pp.,  4  figs. 

Miners'  Circular  13.  Safety  in  tunnelinp,  by  I).  W.  Bnintou  and  J.  A.  Davis. 
1913.     19  pp. 

Miners'  Circular  14.  Gases  found  in  coal  mines,  by  G.  A.  Burrell  and  F.  M. 
Seibert.    1914.    23  ppi 

Miners'  Circular  15.  Rules  for  mine-rescue  and  lirst-aid  field  conte-sts,  by  J.  W. 
Paul.    1913.    12  pp. 

Miners'  Circular  !♦).  Hints  on  coal-mine  ventilation,  by  J.  J.  Rutledge.  1914. 
22  pp. 

Miners'  Circular  21.  What  a  miner  can  do  to  prevent  explosions  of  gas  and  coal 
dust,  by  G.  S.  Rice.     1915.     24  pp. 
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Acton  No.  2  mine,  Alabama,  explosion 73, 141 

Adamson  No.  1  mine,  Oklahoma,  accident. .  73,271 
Agnes  and  Rachel  mine,  ICarianna,  Pa.,  ex- 
plosion  72,298 

Air  compressors,  number  in  Pennsylvania 

coalmines 85 

Alabama,  coal  mined  by  hand,  peroentage ...      144 
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sion 71,246 
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Bonanxa  No.  20  mln^,  Arkansas,  explosion.  71, 148 
Bond  and  Bruce  mine,  Taooma,  Va.,  explo- 

sbn 71,325 

Boomer  No.  2  mine.  West  Virginia,  explo- 
sion    73,342 

Bottom  Creek  mine,  Vivian,  W.  Va.,  expl> 

sion 72,342 

Bo  wen  mine,  Colorado,  explosion 70, 159 

Braznell  mine,  Dentleyville,  Pa.,  explosion.  71,298 

Breese-Trenton  mine,  Illinois,  accident 71, 172 

Brookfleld  mine,  Ohio,  accident 69, 281 

Browder  mine,  Elentucky ,  explosbn 72, 208 

Buck  Mountain  mine,  Mahanoy,  Pa.,  explo- 
sion   70, 287 

Buck  Ridge  mine,  Mhamokin,  Pa.,  Are 69. 287 

Burnett  No.  6  mine,  Washington,  explo- 
sion   71,333 

Buttonwood  mine,  Plymouth,  Pa.,  explo- 
sion   70, 287 

C. 

Cabin  Creek  mine,  Kayford,  W.  Va.,  explo- 
sion  71,342 
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disasters,  list  of » 153 

fatalitiesat 154 

byoauses 155 

men  employed 12, 154 

mining  machines,  number 154 

coal  production 154 

per  man 154 

California  State  Mining  Bureau  on  production 

of  coal 153 

Cameron  mine,  Shamokin,  1'a.,  explosion. . .  72, 288 

Car))on  ITill  mme,  Vvginia,  explosion 72, 325 

Carbon  Hill  No.  7  mine,  Carbonado,  Wash., 

expl'jsion i0,333 

Carditr  mine,  Illinois,  explosion 71, 172 


Page. 

Carlisle  mine.  West  Virginia,  explosion 73, 342 

Catftburg  mme,  Monongahela,  Pa.,  expl>- 

,  sion 70,296 

Central  mine,  Central  City,  Ky.,  explosion. .  72, 208 
Central  Slope  77  mine,  Carbcm,  Okla.,  explo- 
sion  71,271 

Century  No.  1  mine.  West  Virginia,  explo- 
sion  71,342 

Chain-breast  machines  in  United  States,  num- 
ber of. 109 

See  aUo  States  listed. 
Chance,  FI.  M.,  on  mining  methods  in  anthrap 

cite  coal  fields 283 

Cliatham  mine,  Farmmgton,  W.  Va.,  explo- 
sion   70,342 

Cherry  mine,  Illinois,  fire 72, 172 

Chesterfield  mine,  Richmond,  Va.,  explo- 
sion  69,325 

Chicago  and  Iowa  mine,  Albia,  Iowa,  explo- 
sion  70,190 

Cincinnati  mine,    Finleyville,    Pa.,  explo- 
sion  72,298 

Cinderella  mine.  West  Virginia,  aocid(ait. . .  73, 342 
Clear  Spring  mine.  West  Pittston,  Pa.,  acci- 
dent  71,287 

Clyde  mine,  Fredericktown,  Pa.,  fire 71, 298 

Coal,  available  supply  of. 134 

mined  by  hand.    See  States  listed. 

mined  by  machines 107, 108 

See  alio  States  listed, 
shot  off  solid.    See  States  listed. 

value  per  ton  at  mine 10 

See  also  States  listed. 

Coal  cutting  machines,  types  of. 109 

See  also  Machines  named. 
Coal  fields  in  the  United  States,  area  by 

States 134, 135 

See  also  States  listed. 

Coal-mine  disasters 65 

by  causes 66 

by  number  of  men  killed 66 

list  of 60 

See  also  States  listed. 
Coal-mine    fatalities.    See    Fatalities    and 
States  listed. 

Coal  mines,  changing  conditions  in 26 

men  employed 5, 12 

nonfatal  inj  uries  in 96 

See  also   Bituminous  coal   mines  and 
States  listed. 
Coal-mining  machines.   See  Mining  machines 

and  States  listed. 
Coal  production.    See  Production. 

Coaldale  mine,  West  Virginia,  explosion 71, 342 

Coil  mine,  Madisonville,  Ky.,  explosion 72, 206 

Cokedale  mme,  Trinidad,  Colo.,  explosion. .  72, 159 

Coke-oven  accidents,  omission  of 5 

Coke^ven  employees,  omi<«ion  of 5 

Colorado,  coal  mined  by  hand,  percentage. . .      1G2 

mined  by  machine,  percentage 162 

shot  ofT  solid ,  amount 162 

value  per  ton  at  mine 162 

coal  beds,  character 156 

cool  fields  in,  area 134, 135, 156 

coal  mines,  accidents 158 

reportable 157, 158 
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Colorado  coal  minM,  days  worked  annually.     Itt2 

disasters,  list  of. 159 

fataUtiisat 162 

byoauses. 164 

chart  showing 26 

fatality  rates 162 

chart  showing 26 

on  2,000'hour  basJsL 160 

hours  worked  daily 160 

inspection  service 157 

lockouts  and  strikes 161 

men  employed 12, 162 

minmg  methods 157 

mining  machines,  nnmber 162 

coal  production 162 

per  death 162 

per  man 162 

Common  accidents,  definition  of 67 

Como  mine,  King,  Colo.,  explosion 70, 150 

ComprMsed-air    locomotives,    in    Pennsyl- 
vania        86 

in  West  Virginia 86 

Compressed-air  mining  machines.    See  Min- 
ing machines. 
Conyngham  mine,  Wilkes-Barre,  Pa.,  acci- 
dent   71,287 

explosion 60, 287 

Cook  A  White  mine,  Madrid,  N.  Mex.,  expk>- 

sion 70,246 

Coosa  coal  field,  Alabama 136 

CoulterviUe  mine,  Illinois,  explosion 60,172 

Crested  Butte  mine,  Colorado,  explosion 60, 150 

Cross   Mountain   mine,    Briceville,    Tenn., 

explosion 72, 306 

Cuatro  mine,  Tercio,  Colo.,  explosion 71, 159 

Cumnock  mine,  North  CaroUna,  explosion. .  70, 251 
Cuyler  mine,  Raven  Run,  Pa.,  accident...  60,287 

I>. 

Darr  mine,  Jacobs  Creek,  Pa.,  explosion...  71,298 

Dawson  mine,  New  Mexico,  explosion 73,246 

Days  worked  annually  in  coal  mines 10, 11 

average  number 64 

See  aUo  States  listed. 

Decatur  mine,  Illinois,  fire 71,172 

Deering  No.  7  mine,  Clinton,  Ind.,  explo- 
sion   71,181 

Delayed  blast,  fatalities  from 78 

Detroit  mine.  West  Virginia,  explosion 71, 342 

Diamond  mine,  Braid wo«Mi,  DI.,  accident..  69,172 
DiamondviUe      mine,     Wyoming,     explo- 
sions   70,71,350 

Diamondville  No.  1  mine,  Wyoming,  fire. ..  70,350 

Dip  of  coal,  fatalities  from 333 

Disasters,  coal-mine 65 

list  of 60 

See  also  States  listed. 

Door  boys  in  mines,  fatality  rates  of 94,05 

figure  showing 93 

Dorrance  mine,  Wflkes-Barre,  Pa.,  explo- 
sion   70,287 

Dow  &  Milby  mine,  Oklahoma,  fire 70, 271 

Drift  mines  In  Ohio,  number  of 260 

Drifton  No.  2  mine,  Freeland,  Pa.,  accident.  72, 288 
Drilling  into  unexploded  charge,  fatalities 

from 78 


Page. 
Drivers  and  runners  in  mines,  fatality  rates 

of 04,06 

figureshowing 03 

Dutchman  mine,  Blossborg,  N.  Mex.,  explo- 
sion  71,246 

Dynamite.    See  Explosives. 

E. 

East  Brookside  mine,  Tower  City,  Pa.,  ex- 

pk»ion 73,288 

East  Sugar  Loaf  mine,  Stockton,  Pa.,  explo- 
sion   70,287 

Eastern  interior  coal  field,  permissible  explo- 
sives used  in 82 

Eodes  mine.  West  Virginia,  expk)sion 73, 342 

Echo  mine,  Buery ,  W.  Va.,  explosion 72,  ^2 

Eleanora  mine,  Dubois,  Pa.,  explosion 71, 296 

Electric  dynamos,  number  used  in  Penn- 
sylvania        85 

Electric  haulage  in  nUnois  coal  mines 86 

Electric  mining  machines,  number  used  in 

Ohio 87 

Electric  locomotives,  number  used  in  OMo. .       87 

in  Pennsylvania 85 

in  West  Virginia 86 

Electricity ,  accidents  due  to 87, 80, 00 

See  also  States  listed. 
Employees  in  and  about  coal  mines.    8u 
States  listed. 

surface  and  underground 6 

under  inspection,  percentage 10 

See  also  States  listed. 

EnglevlUe  mine,  Colorado,  fire 71, 150 

Ernest  No.  2  mine,  Pennsylvania, explosion .  72, 298 
Eureka  No.  37  irine,  Windber,  Pa.,  explo- 
sion  72,208 

Exceptional  accidents,  definition  of 67 

Exeter  mine.  West  Pittston,  Pa., accident..  70,287 

Explosions,  gas  and  dust 73 

list  of 60 

Explosives  accidents 16 

by  States  and  causes 78 

in  anthracite  minra 79 

In  machine  mining 116,121,124,127,130 

fatalities  from 16,77,78 

figure  sjsowing 80 

fatality  rates ^'. 16 

quantity  used  by  States 80,81 

figure  showing 80 

short-flame,  used  in  cwA  mines 81, 82 

See  also  Permisslrile  explosives. 


Fair  Lawn  mine,  Scranton,  Pa. ,  explosion. .  69, 287 

Falling  down  shaft  or  slopes,  number  killed 

by 90 

Falls  of  roof  and  pillar  coal,  fatalities  from 

14,16,23,82 
See  also  States  listed. 

Fatalities  and  machine  mining 107 

at  surface  shops  and  yards 01,02 

based  on  percentage  of  machine-mined 

coal 110,120,133,126,120 

by  calendar  years 4,7,8,0,27-^ 

by  causes 14, 10, 18, 19,27-50 

by  common  and  exceptional  accidents. . .       67 

figure  showing o8 
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Fatalities,  by  occupation 92 

figure  showing 03 

by  States 7,8,9,18 

chart  showing 26 

from  electricity 87,88 

from  explosives 77 

from  falls  of  roof h2,83 

from  gas  and  dust  explosions 74 

from  mine  fires 75 

under  inspection  service 10 

See  also  States  listed. 
Fatality    rates    oosed    on    machine-mined 

coal 117,120,123,126,129 

figure  showing 114 

on  2,000-hour  workers 61 

on   undergrotmd    and   surface   em- 
ployees        19 

bases  for  computing 60,62 

compared  on  uniform  time  basis 62 

effect  of  machine  mining  on Ill 

increase  witli  changing  condit  Ions 26 

increase  with  length  of  exposure 64 

per  1 ,000  employed 10, 16 

figure  showing 115 

per  1,000,000  tons  mined '0 

See  also  States  listed. 
Ferguson  mine,  ConnellsviUo,  Pa.,  explosion  71,298 
Fidelity  No.  I  mine.  Stone   City,  Kana., 

explosion 71,198 

Fire  bosses  and  assistants,  fatality  rates  of. . .  Of, 95 

figiu-o  showing 93 

Flying  pieces  of  rock  or  coal,  fatalities  from . .       78 

Franklin  mine,  Washington,  lire 70, 333 

Franklin  No.  2  mine,  Jolmstown,  Pa.,  explo- 
sion   72,298 

Fraterville  mine,  ( oal  Creek,  Tenn.,  explo- 
sion  70.306 

Frontenac  sliaft  No.  2,  Kansas,  explosion..  69,198 
Fr.ller  mine,  Searight,  Pa.,  explosion 71, 298 

O. 

Gas  and  dust  explosions 14, 16, 23, 73 

by  States 74 

fatality  rates,  by  years 16 

in  machhie  mining 110, 121, 124, 127, 130 

Gasoline  locomotives,  number  used  in  West 

Virginia 86 

Gay  lord  mine,  Plymouth,  Pa.,  accident 70, 2S7 

Georgia,  coal  mined  by  hand,  percentage 168 

value  per  ton  at  mines 168 

roalflelds  In,  area 134,166 

coal-mines,  accidents 166, 167 

days  worked  annually 168 

fatiliticsat 168 

by  causes 169 

fatality  rates 168 

men  employed 12, 168 

coal  production 168 

per  death 168 

per  man 1 68 

Glossmiro  &  Ileins  mine,  Middleport,  Pa., 

.accident 69,287 

Grapevine  mine,  Wilcoo,  W.  Va.,  explosion.  71,342 
Great  Britain,  electricity  in  minas,  accidents 

from 89,90 

Great  Britain,  minefires 76 
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Great  Western  No.  2  mine,  Wilburton,  Okla., 

explosion 72,271 

Greeno  mine,  Tacoma,  Va.,  explosion 72,325 

Grindstone  mine,  Pennsylvania,  explosion. .  70, 298 

n. 

Halley-<)la  No.  1  mine,  Halleyville,  Okla., 

fire ?2,271 

Hauna  No.  1  mine,  Wyoming,  explosion  and 

fire 71,72,3.'>0 

Ilartshome  No.  1  mine,  Oklahoma, accident.  70, 271 

Ilarwirk  mine,  Cheswick,  Pa.,  explosion 71,298 

Xlastinps  mine,  Colorado,  explosion 72, 159 

Haulage  systems  in  coal  mines 83 

Hazel  Kirk  No.  2  mine,  Monongahela,  Pa., 

explosion 71, 298 

Hazel  mine,  East  C^anonsbur^,  Pa.,  accident  72,298 
Heins  &  Glassmlre  mine,  Middleport,  Pa., 

accident 09,287 

Henry  Clay  mine,  Shamokin,   Pa.,  explo- 
sion  09,70,287 

Herrin  Mine  A ,  Illinois,  explosion 72, 172 

Hill  Farm  mine ,  Dunbar,  Pa.,  fire 69, 298 

HoWen  mine,  Taylor,  Pa,,  explosion 71, 288 

Horton  mine.  West  Virjiinl.i,  fire 71, 342 

Hours  worked  annual ly,  by  States 61 

daily 64 

See  ahn  Stntes  listed. 

I. 

Idaho,  cof\l  field  in,  arai 135 

Illinois,  cool  mined  by  hand,  percentage 174 

mined  by  machine,  percentage 174 

shot  off  solid,  amount 174 

value  per  ton  ;>t  mine 174 

coal  bods,  character 170 

coal  fields  in,  area 134,170 

coal-mines,  accidents 172 

accidents  reportable 171 

days  worked  amraally 174 

disasters 173 

fatalities  at 174 

by  causes 176 

chart  showing 26 

fatality  rates 174 

chart  showing 26 

on  2,000-hour  basis 173 

haulai:e  systems 86 

hours  worked  daily 173 

inspection  service 171 

lockouts  and  strikes 173 

men  employed 12, 174 

mining  machines,  number 108,174 

mining  methods 170 

quantity  of  explosives  used SI 

coal  production 174 

per  death 174 

per  man 174 

Imi>erlal  mine,  Belle  Valley,  Ohio,  explo- 
sion  72,261 

Indiana,  coal  mined  by  hand,  percentage ....  184 

mined  by  machine,  percentage 184 

shot  off  solid,  amount 184 

value  per  ton  at  mine .• 184 

cool  beds,  character 178 
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iDdiaoa,  coal  fields  in,  area 134,178 

coBl-mines,  accidents 181 

accidents  reportable 170 

days  worked  annually 184 

disasters 179 

fataUties 184 

by  causes 186 

chartshowing 36 

lataUty  rates 184 

chart  showing 26 

on  2,000-hour  basis 182 

hours  worked  daily 182 

inspection  stfvioe 179 

lockouts  and  strikes 183 

men  employed 12,184 

mining  machines,  number 106, 1S4 

miiUng  methods 179 

coal  production 184 

per  death 184 

per  man 184 

Ii^uries,  nonfBttal,  coal  mines 96 

metalmlnes 96 

parts  of  body  faqjured 97,98 

figure  showing 98 

InspectioD    service.   See    Mine    inspection 
service  and  States  listed. 

Iowa,  coal  mined  by  hand,  percentage 192 

mined  by  machine,  percentage 192 

shot  off  solid,  amount 192 

value  per  ton  at  mine 192 

coal  beds,  character 188 

coal  fields  in,  area 135,188 

coal  mines,  accidents 190 

accidents  reportable 189 

days  worked  annually 192 

disasters 190 

fataUties 192 

by  causes 194 

diartshowing 26 

Datalityrates 192 

chart  showing 26 

on  2,00<Miour  basis 191 

hours  worked  daily 190 

inspection  service 189 

lockouts  and  strikes 191 

men  employed 12, 192 

mining  machines,  number 108,192 

mining  methods 188 

coal  production 192 

per  death 192 

per  man 192 

Iowa  and  Chicago  mine,  Albia,  Iowa,  explo- 
sion  70,190 

Isnqnah  No.  4  mine,  Washington,  accident .  70, 333 

J. 

Jed  mine.  West  Virginia,  explosion 72,342 

Jermyn  Na  1  mine,  Rendham,  Pa.,  fire 70, 287 

Jersey  No.  8  mine,  Ashley,  Pa.,  explosion. . .  69, 287 
Johnson  No.  1  mine,  t'rloebnrg,  Pa.,  explosion  71, 288 
JiAautoa  City  mine,  Illinois,  explosiiHi 71, 172 

K. 

Kansas,  coal  mined  by  hand,  percentage 200 

mined  by  machine,  i>eroentage 200 

shot  off  solid,  amount 200 

value  per  ton  at  mine 200 

14356®— Bull.  115—16 24 


Page. 

Kansas,  coal  beds,  character 196 

coal  fields  in,  area 135,196 

coal  mines,  accidents 198 

accidents  reportable 197 

days  worked  annually 200 

disasters 198 

fataUties 200 

bycauses 202 

ehartahowing 26 

fataUty  rates 200 

chartshowing. 26 

on  2,000-hour  basis 199 

hours  worked  daily 199 

inspection  service 197 

lockouts  and  strikes 199 

men  employed 12, 200 

mining  machines,  number 108, 200 

mining  methods 196 

coal  production 200 

per  death 200 

per  man 200 

Kansas  &  Texas  No.  44  mine,  Huntington, 

Ark.,  explosion * 70/148 

Kaska  William  mine,  Middleport,  Pa.,  ac- 
cident  69,70,287 

Keith  &  Perry  No.  6  mine,  Rich  Hill,  Mo., 

explosion 60,23(> 

Kemmerer No. 4 mine', Wyoming, explosion.  72,350 
Kentucky,  coal  mined  by  hand,  percentage. . .     210 

mined  by  machine,  percentage 210 

shot  off  solid,  amount 210 

value  per  ton  at  mine 210 

coal  beds,  character 204 

ooal  fields  in,  area 134,204 

coal  mines,  accidents 207 

accidents  reportable 206 

days  worked  annually 210 

disasters,  list  of 208 

fataUties 210 

by  causes 212 

chartshowing 26 

fataUty  rates 210 

chartshowing 26 

on  2,000-hour  basis 209 

hours  worked  daily 208 

inspection  service 206 

lockouts  and  strikes 209 

men  employed 12, 210 

mining  machines, number 108,210 

mining  methods 205^ 

coal  production 210 

per  death 210 

per  man 2ia 

Kettle  Creek  mine,  Clinton  County,  Pa.,  ex- 
plosion  60,298 

Kohinoormine,  Shenandoah,  Pa., explosion.  69,287 
Krebs No.  11  mine,  Oklahoma,  explosion...  70,271 

L. 

Labor  at  coal  mines 12 

See  also  States  listed. 

Laborers  in  mines,  fataUty  rates  of 93,94 

figure  showing 93 

Lackawanna  No.  4  mine,  Wehrum,  Pa.,  ex- 
plosion   72,298 

Lance  mine,  Plymouth,  Pa.,  explosion ...  70, 71. 287 
Laurel  mine,  Pocahontas,  Va.,  explosloii ....  69, 325 
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lAwaan  mine,  Black  Diamond,  Wash.,  ex-^ 

plosion 71,72,333 

Xayland  No.  3  mine,  West  Virginia,  explo- 
sion   73,342 

Lehlgii  No.  4  mine,  Lansford,  Pa.,  explosion.  73, 288 

Letter  mine,  Zeigler,  HI.,  explosion 71, 172 

Lemont  and  Superba  mine,  Evans  Station, 

Pa.,  accident 72,298 

Leyden  mine,  Colorado,  fire 72, 150 

Lick  Branch  mine.  Switchback,  W.  Va.,  ex- 
plosion   72,342 

Lick  Fork  mine,  Thacker,  W.  Va.,  accident.  72,312 
Little  Cahaba  mine,  Piper,  Ala.,  expkiskm. .  71, 141 
Lockouts  and  strikes.    S«e  States  listed. 
Locomotives.    See  Compressed-air  locomo- 
tives; Electric  locomotives;  Gaso- 
line locomotives;    Mine   cars   and 
locomotives. 

Locust  Gap  mine,  Pennsylvania*,  fire 71, 287 

Long-i/vall  machines  in  use,  number  of lOB 

See  aUo  States  listed. 
Lorentz  mine,  Penco,  W.  Va.,  explosion —  71,342 
Lost  Creek  No.  2  mine,  Oskaloosa,  Iowa,  ex- 
plosion   70,190 

Luke  Fidler  mine,  Shamokin,  Pa.,  expk»ion  71, 287 

fire 70,287 

Lykens  Valley  mine,  Stiamokin,  Pa.,  ex- 
plosion  : 60,287 

Ljtle  mine,  Minersville,  Pa. ,  accident. . .  70, 71, 287 


H. 


McAlester  No.  6  mine,  Alderson,  Okla.,  ac- 
cident   : 70,271 

Kachine  feed  wire,  contact  with,  fatalities 

from 88 

Machine  loaders,  fatality  rates  of 95 

figure  showing 93 

Machine  mining 107 

See  dUo  Minihg  machines. 

Machine  runners,  fatality  rates  of 96 

figure  showing 98 

Machine  scrapers,  fifttality  rates  of 05 

figure  showing 93 

Maltland  mine,   Walsenburg,  Colo.,  es^lo- 

ston 71,159 

JJammoth  mine,  Mount  l*leasant,  I'a.,  ex- 
plosion   69,298 

Maple  Hill  mine,  Mahanoy  City,  Pa.,  ex- 
plosion  71,287 

Mariana  mine,  Pennsyh^ania,  explosion 72,298 

Mar  vine  mine,  Scranton,  Pa.,  accident 69, 

72,287,2S8 

Maryd  mine,  Pennsylvania,  accident 73, 2S8 

Maryland,  coal  mined  by  hand,  percentage. . .      218 

mined  by  machine,  percentage 218 

shot  off  solid,  amount 218 

%-alue  per  ton  at  mine 218 

coal  beds,  character 213 

coal  fields  in, area 114,213 

coal  mines,  accidents 215 

accidents  reportable 215 

days  worked  annually 218 

disasters 215 

fiitalities  at 218 

by  causes 220 

chart  showing 26 
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Maryland  coal  mines,  flitality  rates 218 

chart  showing 26 

on  2,000-hour  basis 216 

hours  worked  daily 216 

inspection  service 215 

lockouts  and  strikes 217 

men  employed 12,218 

mining  machines,  number 106,218 

mining  methods 214 

coal  productk>n 218 

per  death. 218 

per  man 218 

Bfaryland  Geological  Survey,  on  coal  beds  of 

Allegany  County,  Md 213 

Men  employed  in  anthracite  mines 290 

bituminous  coal  mines 103 

figure  showing. 112,114 

coal  mines,  by  States *. 5,12 

figure  showing 21 

relation  to  percentage  of  macliine-mined 

coal 111,120,123,126,129 

See  qUo  States  listed. 

Metal  mines,  nonfatal  injuries  in 96 

Michigan,  coal  mined  by  hand,  percentage ...      226 

mined  by  machine,  penientage 226 

shot  off  solid,  amount 229 

value  per  ton  at  mine 226 

coal  beds,  character 222 

coal  field,  area 134,222 

coal  mines,  accidents 223 

accidents  reportable 223 

days  worked  annually 223 

fiitalitiesat 228 

bycauses 227 

chartshowing 23 

Vitality  rates 226 

chartshowing 26 

on  2,000-hour  basis 224 

hours  worked  daily 221 

inspection  service 223 

lockouts  and  strikes 223 

men  employed 12,226 

mining  machines,  number 108,226 

mining  methods 222 

quantity  of  explosives  used 81 

coal  production 228 

per  death 226 

per  man 223 

Midlothian  mine.  Coalfield,  Va.,  explosion. .  09, 323 

Midsule  mine,  Wilkes-Barre,  Pa.,  fire 70,287 

Milby  &  Dow  mine,  Dow,  Okla.,  fire 70, 271 

Mill  Creek  mine,  Pennsylvania,  explosion. . .  09, 29S 
Mine  cars  and  locomotives,  fatalities  from.  16, 23, 84 

by  States 84 

fataUty  rate  per  1 ,000  employed 16, 81 

See  also  States  listed. 
Mine  disasters.    See  coal-mine  disasters  and 
States  listed. 

Mine  fires  from  spontaneous  combustion 7u 

list  of 7o 

Mine  foremen  and  assistants,  fatality  rates 

of 93,04,05 

figure  showing 03 

Mine  inspection  service,  coal-mining  industry 

covered  by,  percentage 2) 

emplo^-ees  under,  percentage 10 

fatalities  under 10,10» 
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Mine  inspection  aervloe,  growth  of 25 

produetion  of  coal  under 10,105 

See  aUo  States  listed. 

Mineral  No.  16  mine,  Kansas,  explosion 72, 196 

Miners,  fatality  rates  of 03,94,05 

figure  showing. 03 

Mining  industry,  accidents  not  attributable 

to 5 

Mining  machines,  accidents 88 

by  principal  causes.  88, 110, 121, 124, 127, 130 

coal  mined  by 107,108 

natality  rates 117,120,123,126,129 

totality  rates  affected  by Ill 

number,  by  States '108 

tjrpcs  of,  number 109 

gee  giro  machines    named    and    States 
listed. 
Mining  methods,   gee  States  listed. 
Mls80uri,coal  mined  by  hand,  percentage....     232 

mined  by  machine,  percentage 232 

shot  off  solid,  amount 232 

value  per  ton  at  mine. 232 

coal  beds,  character 228 

coalfields  in,  area 135,228 

ooal  mines,  accidents 230 

accidents  reportable 229 

days  worked  annually 232 

disasters 230 

fatalities 232 

bycanses 234 

chartshowlng 26 

fatality  rates 232 

chartshowlng 26, 

on  2,000'honr  basis 231 

hours  worked  daily 231 

inspection  service 229 

lockouts  and  strikes 231 

men  employed 12, 232 

mining  machines,  number 108,232 

mining  methods 228 

coal  production 232 

per  death 232 

per  man 232 

Monongah  mine.  West  Virginia,  explosion ...  71, 342 
Montana,  coal  mined  by  hand,  percentage. . .     240 

mined  by  machine,  percentage. 240 

shot  off  solid,  amount 240 

value  per  ton  at  mine. 240 

ooal  beds,  character 235 

coal  fields  in,  area 135,235 

coal  mines,  accidents 237 

aooidenta  reportable 236 

days  worked  annually 240 

disasters 237 

Istalitiesat 240 

.  bycanses 242 

efaartshowing 26 

fBtalityrates 240 

cbartshowing 26 

on  2,000-bouT  basis 238 

hours  worked  daily 238 

inspection  service. 236 

lockouts  and  strikes 239 

men  employed. 12,240 

mining  machines,  number 108,240 

mining  methods 236 


Page. 

Montana,  coal  productioBL 240 

per  death 240 

per  man 240 

Moody  mine.  South  Carrollton,  Ky.,  expk)- 

sion 72,208 

Morgan  mine,  Black  Diamond,  Wash.,  ex- 
plosion  71,333 

Mount  Lookout  mine,  Wyoming,  Pa.,  explo- 
sion  72,28& 

Mulga  mine,  Alabama,  explosion 72, 73, 141 


N. 


Nantiooke  No.  1  mine,  Pennsylvania,  acci- 
dent  69,287 

Naomi  mine,  Fayette  City,  Pa.,  explosion. .  71, 298 

Neilson  mine,  Shamoldn,  Pa.,  fire 70, 287 

Nelson  mine,  Dayton,  Tenn.,  explosion. 70,306 

Newburg  mine.  West  Virginia,  explosion. . .  69,342 
Newland-Spcnoer  mine,  Mulberry,  Kans.,  ac- 
cident  73,198 

New  Mexico,coal  mined  by  hand,  percentage.     248 

mined  by  machine,  percentage. 248 

shot  off  solid,  amount 248 

value  per  ton  at  mine. 248 

coal  beds,  character 243 

coal  fields,  area 134,135,243 

coal  mines,  accidents 245 

accidents  reportable 245 

days  worked  annually 248 

disasters 246 

fatalities 248 

bycauses. 250 

chartshowlng.. 26 

fatality  rates 248 

chartshowlng 26 

on  2,000-hour  basis 247 

hours  worked  daily 247 

inspection  service. 245 

lockouts  and  strikes 247 

men  employed...-. 12,248 

mining  machines,  number 108, 248 

mining  methods 244 

coal  production 248 

per  death 248 

per  man 248 

North  mine,  Royalton,  III.,  explosion 73, 172 

North  Carolina,  coal,  value  per  ton  at  mine. .     252 

coal  beds,  character  of 251 

coal  fields  in,  area 134, 251 

coal  mines,  accidents  reportable 251 

days  worked  annually 252 

disasters 251 

Inspection  service. 251 

men  employed 12, 252 

coal  production 252 

per  man 252 

North  Dakota,  coal  mined  by  hand,  percent- 
age       256 

mined  by  machine,  percentage 256 

shot  off  solid,  amount 256 

value  per  ton  at  mine 256 

coal  fieldsof,  area 135,253 

coal  mines,  accidents 254 

accidents  reportable 253 

days  worked  annually 256 
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North  Dakota  coal  mines,  fatalities  at 356 

bycauses 257 

(±Art  showing 20 

fatality  rates 266 

chart  showing 26 

on  2,000-hour  basis 255 

hours  worked  dally 254 

inspection  service 253 

lockouts  and  strikes 255 

men  employed 12,256 

mining  machines,  number 108,256 

mining  methods 253 

coal  production 256 

per  death 256 

per  man 256 

Northern  Appalachian  coal  fields,  permissible 

explosives  used 82 

Northwestern  No.  1  mine,  Ravensdale,  Wash., 

explosion 73, 333 

Northwestern  No.  4  mine,  Roslyn,  Wash., 

explosion 72,333 

Norwood,  C.  J.,  on  mining  methods  in  Ken- 
tucky       205 

Nott  bigham  mine,  Plymouth,  Pa. ,  explosion .      09, 

72,287,288 
O. 

Objects  falling  down  shaft  or  slopes,  number 

killed  by 14,90 

Occupation,  fatalities  classified  by 92 

figure  showing 93 

O'Gara  No.  9  mine,  Harrisburg,  III.,  explo- 
sion    72, 172 

Ohio,  coal  mined  by  hand,  percentage 264 

mined  by  machine,  percentage 264 

shot  off  solid,  amount 264 

value  i)er  ton  at  mines t 264 

coal  beds,  character 258 

coal  field  in,  area 134,258 

coal  mines,  accidents 261 

accidents  reportable 260 

days  worked  annually 264 

disasters 261 

electric  haulage  motors,  number  of . . .  87 

fatalities 264 

bycauses 266 

chartshowing 26 

fatality  rates 264 

chartshowing 26 

on  2,000-hour  basis 262 

hours  worked  daily 262 

inspection  service 200 

lockouts  and  strikes 263 

men  employed 12,264 

method  of  ventilation 260 

mining  machines,  number 108, 264 

mining  methods 250 

number  in  operation 260 

quantity  of  explosives  used 81 

coal  production. 264 

per  death 264 

per  man 264 

Oklahoma,  coal  mined  by  hand,  percentage. . .  274 

mined  by  machine,  percentage 274 

shot  off  solid,  amount 274 

value  per  ton  at  mine 274 

coal  beds,  character 268 


Page. 

Oklahoma,  coal  field  in,  area 136,268 

coal  mines,  accidents 270 

accidents  reportable 270 

days  worked  annually 274 

dieters 271 

fatalities 274 

byrauses 276 

dbArt  showing.... 26 

fatality  rates 274 

chartshowing 26 

on  2,000-hour  basis '. 272 

houra  worked  daily 272 

inspection  service 270 

lockouts  and  strikes 273 

men  employed 12,274 

mining  machines,  number  .• 108, 274 

mining  methods 209 

coal  production 274 

per  death 274 

per  man 274 

Old  Dominion  No.  1  mine,  Carbon  Hill,  Va., 

explosion 72,325 

Oregon,  coal,  value  per  ton  at  mine 279 

coal  field  in,  axea 135,277 

coal  mines,  accidents 277 

accidents  reportable 277 

days  worked  annually 279 

fatalities 279 

bycauses 280 

fatality  rates 279 

inspection  service 277 

lockouts  and  strikes 278 

men  employed 12,279 

•  mining  methods 277 

coal  production 279 

per  death 279 

per  man 279 

Orenda  mine,  Boswell,  Pa.,  explosion 73, 298 

Orenda No.  2 mine,  Boswell,  Pa.,  explosion..  72, 298 
Oswald  mine,  Princeton,  Ind.,  explosion.  70, 71, 181 
Ott  No.  20  mine.  Elk  Garden,  W.  Va.,  ex- 

ptoston 72,342 

Otto  Red  Ash  mine,  Branch  Dale,  Pa.,  explo- 
sion   09,287 

P. 

Pacific  Coast  coal  fields,  area 135 

Iiermissible  expk)sives  used 82 

Palos  No.  3  mine,  Alabama,  explosion 72, 141 

Panama  mine,  MoundsviUe,  W.  Va.,  explo- 
sion   72,342 

Pancoast-Price  mine,  Throop,  Pa.,  fire 72, 288 

Parker,  E.  W. ,  on  California  coal  fields 153 

on  Georgia  coal  fields 166 

on  number  of  working  hours  at  cool 

mines .  62 

on  Pennsylvania  bituminous  coal  fields.     294 

Parrel  mhie.  West  Virginia,  explosion 71 ,  342 

Parrish  mine,  Plymouth,  Pa.,  explosion 72, 288 

Patterson  No.  2  mine,  Elizabeth,  Pa.,  acci- 
dent  73,298 

Payroll  basis  for  computing  fatality  rates  —  60 
Pennsylvania  (anthracite)  coal,  value  per  ton 

at  mine 290 

coal  beds,  character 28L 

coal  fields,  area 134,281 
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Page. 
Pennsylvania  (anihradte)  coal  mfaias,  acci- 
dents   286 

accidents  reportable 284 

air  oompresBorB,  number  oL 85 

days  worked  annually 290 

disaaters 287,288 

electric  dynamoe,  number  of 85 

explosives  used,  quantity  of 80,82 

totalities 290 

bycauses 292 

chartshowing 26 

f  rom  explostvea. 79 

fatality  rates 290 

by  occupation 93,94 

chartshowing 26 

on  2,000-hoar  basis 288 

horses  and  mules,  number  of 84,85 

hours  worked  daily 288 

inspection  service 284 

lockouts  and  strikes 289 

looamot*ves  in,  number  of 84,85 

men  employed 12,290 

mining  methods 282 

coal  production 290 

per  death ^ 290 

per  man 290 

Pennsylvania  (bituminous)  ooal  mined  by 

hand,  percentage 800 

mined  by  machine,  percentage 800 

shot  off  solid,  amount 300 

value  per  ton  at  mine 300 

coal  beds,  character 294 

ooal  fields,  area 134,294 

coal  mines,  accidents 297 

accidents  reportable 290 

air  compressors,  number  (tf 85 

days  worked  annually 300 

disasters 298 

electric  dynamos,  number  of. 85 

explosives  used,  quantity  of .    80 

lataUtiesat 300 

bycauses 302 

chartshowing 26 

iitality  rates 300 

by  occupation 93,95 

chartshowing 26 

on  2,000-hour  basis 299 

horses  and  mules,  number  of 84, 85 

hours  worked  daUy 299 

inspection  service 296 

lockouts  and  strikes 299 

locomotives,  number  of 84,85 

men  employ  ed 1 2, 300 

mining  machines,  number  of 108,300 

mining  methods 295 

coal  production «. 300 

per  death 300 

per  man 300 

Percentage  basis  for  computing  fatality  rates.  60 
coal  mined  by  hand.    See  States  listed, 
mined  by  machine.    See  States  listed. 

produced  under  inspection —  10 

shot  off  solid.    See  States  listed, 

ooal-mining  industry  under  inspection. .  10,20 

emplo>*eee  under  inspection 10 

fatalities  from  principal  causes 16 


Page. 
Permissible  explosives  used  In  Pennsylvania 

coalmines....- 80 

in  various  ooal  fields. 81,82 

See  aUo  Explosives. 
Perry  &  Keith  No.  6  mine.  Rich  HiU,  ICo., 

explosion 69, 230 

Personal   element   relathig  to  mine   aoci- 

dents 4 

Pick  machines  in  United  States  ooal  mines, 

number  of 109 

Set  also  States  listed. 

Pitch  of  coal  seams,  fatalities  from 333 

PittstCD  No.   14  mine,  Pennsylvania,  ex- 
plosion  72,288 

Plateau  coal  field,  Alabama 138 

Plymouth  No.  2  mine,  Pennsylvania,  ex- 
plosion  69,287 

Pocah(Hitas   mine,   Virginia,   fire  and  ex- 
plosion  70,71,325 

Port  Royal  No.  2  mine,  Pennsylvania,  ex- 
plosion  70,298 

Poteau  No.  6  mtaie,  Witteville,  Okla.,  ex- 
plosion   71,271 

Potts  mine,  Pennsylvania,  explosion 69, 287 

Potts  mine,  Locust  Dale,  Pa.,  explosion 69, 287 

Premature  blasts,  fatalities  from 78 

Preston  No.  3  mine,  Girardville,  Pa.,  acci- 
dent   69,287 

Price-Pancoast  mine,  Throop,  Pa.,  fire 72,288 

Primero  mine,  Colorado,  explosion 71, 72, 159 

Principal   causes   of  accidents,   percentage 
killed,  and  number  killed  per  1,000 

employed 16,19 

Production,  anthracite  coal 230 

bituminous  coal 1 05 

coal,  by  machines 110,111 

by  States 20 

in  United  States,  1807  to  1914 10 

per  death 10 

per  man 10,20,105 

under  inspection  service 10 

See  also  States  listed. 
Prospect    mine,    Wilkes-Barre,    Pa.,    acci- 
dent   72,73,288 

ProWdence  No.  3  mine,  Kentucky,  explo- 
sion   72, 208 


R. 


Rachel  and  Agnes  mine,  Marianna,  Pa.,  ex- 
plosion   72,298 

Radial  axe  or  post  machines  in  United  States, 

number  of 109 

See  also  States  listed. 
Red  Ash  mine.  West  Virginia,  explosion . . .  70, 342 
Red  Ash  and  Rush,  Run  mine.  Red  Ash, 

West  Virginia,  explosion 71, 342 

Red  Canyon  mine,  Wyoming,  explosion  ...  70,350 

Red  Lodge  mine,  Montana,  fire 71,72,237 

Reportable  accidents.   See  States  listed. 
Richardson   mine,  GTencarbon,  Pa.,   acci- 
dent   70, 287 

Richland  mine,  Dayton,  Tenn.,  explosion. .  70,306 

Richmond  coal  basin,  Virginia 323 

Robbins  mine,  Ohio,  explosion 69, 261 

Rock  Castle  mine,  Alabama,  explosion 73, 141 
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Rock  Island  No.  8  mine,  Hartshonie,  Okla., 

explosion 72,271 

Rocky  ICountain  coal  fields,  area 135 

permissible  explosives  used 82 

Roiling  Mill  mine,  Johnstown,  Pa.,  explo- 
sion  70,71,298 

Roof,fiUlsor 82,83 

Rope  ssrstem  of  haulage,  niJnois  mines 86 

Rosljm  mine,  Washington,  explosion 70, 333 

Royalton  No.  1  mine,  Illinois,  explosion 73, 172 

Rush  Run  and  Red  Ash  mine,  Red  Ash, 

West  Virginia,  explosion 71, 342 

S. 

St.  Paul  No.  2  mine,  Cherry,  III.,  fire 72, 172 

San  Bois  No.  2  mine,  McCurtaln,  Okla.,  ex- 
plosion   72, 271 

Ban  Toy  No.  1  mine.  Coming,  Ohio,  acci- 
dent  71,261 

Sandoval  mine,  Illinois,  accident 71, 172 

Seagraves  mine,  Eldorado,  III.,  explosion. . .  72, 172 

Shaft  accidents,  number  killed  by 14, 

16,18,19,89,90 

Shaft  mines  in  Ohio,  number  of 260 

Shenandoah  City  mine,  Pennsyl\*ania,  explo- 
sion  71,287 

Shoal  Creek  mine,  Panama,  III.,  explosion  72, 73, 172 
Shooting  off  solid.    Sec  States  listed. 

Short  Creek  mine,  .Alabama,  explosion 72, 141 

Short-flame  explosives.    See  Explosives. 
Short-wall  machines  In  United  States,  num- 
ber of 109 

See  Qlto  Mining  machines  and  States 
listed. 
Shot  breaking  through  pillar,  fstalities  from . .       78 
Skips.   See  Cages. 

Slope  mines  in  Ohio,  number  of 200 

Smokeless  Valley  No.  1  mine,  Johnstown,  Pa., 

explosion 73,298 

Somnan  mine,  Pa.,  accident 71,298 

South  Dakota  coal  field  in,  area  of 135 

South  WQkes-Barre  mine,  Pennsylvania,  ex- 
plosion  ,    71, 

72,287,288 
South  Wilkes-Barre  No.  5  mine,  Pennsylva- 
nia, explosion 72,288 

South  Wflkes-Barre  shaft  No.  3,  Pennsylva- 
nia, explosion 60,70,287 

Southern  Appalachian  coal  field,  permissible 

explosi\'es  used 82 

Spencer  mine,  Pottsvllle,  Pa.,  explosion 69, 287 

Spenoer^Newland  mine,  Mulberry,  Kans.,  ac- 
cident  73,198 

Spontaneous   combustion    in    mines,    fires 

causedby 76 

Spring  Gulch  mine,  Colorado,  explosion 70,159 

Sirring  Mountain  No.  1  mine,  Jeanesville,  Pa., 

accident 70,287 

Stafford  mine,  West  Virginia,  explosion 71,342 

Stag  Canyon  No.  2  mine,  Dawsoo,  N.  Mex., 

explosion 73,246 

StarkviUe  mine,  Colorado^  explosion 72, 159 

StatisticsoCcoalmines,  by  States 133 

source  and  scope  of 4 

Set  e/JO  States  listed. 


Page. 
Steam  locomotives;  number  used  in  Penn- 
sylvania        85 

West  Virginia 86 

See  aiao  Locomotives. 
Stearns  No.  5  mine,  Kentucky,  explosion ...  71, 208 
Stoek,  H.  H.,  on  Pennsylvania  anthracite  coal 

fields 281 

Stone  Canyon  mine.  Chancellor,  Cal.,  explo- 
sion  72,153 

Strikes  and  lockouts.    See  States  listed. 

Stuart  mine.  West  Virginia,  explosion 71, 342 

Suffocation  by  mine  gases,  fatalities  from 14 

by  powder  gas,  fatalities  from 78 

Sullivan  mine,  Indiana,  explosion 09, 181 

Sumner  mine,  Pennsylvania,  explosion 70, 298 

Sunnyside mhie,  EvansvlUe,  Ind., explosion.  72,181 

Sunshine  mine,  C'OlorBdo,  exfAosion 70, 159 

Superba  and  Lemont  mine,  Evans  Station, 

Pa.,  accident 72,298 

SurDsce  accidents,  by  causes 14,92 

See  aUo  States  listed. 
Surface  employees,  fatality  rates  based  on  . . .       19 

number  of 6,19 

Surface  fiatalitieS,  number  of  men  killed  and 

fatality  rates 16 

Surface  shops  and  yards,  aocidents  at 14, 91, 92 

Susquehanna  No.  1  mine,  Nantlcoke,  Pa.,  ex- 
plosion  70,287 

Susquehanna  No.  4  mine,  Nantiooke,  Pa.,  ex- 
plosion  09,287 

Susquehanna  No.  7  mine,  Nantiooke,  Pa.,  ex- 
plosion  71,288 

Sykesvflle  mine,  Pennsylvania,  explosion.. .  72, 298 


T. 


Tamping,  iiatalities  from 78 

Tate  mine,  Sturgis,  Ky .,  explosion 70, 208 

Taylor  mine,  Hartford,  Ky.,  accident 72,208 

Tennessee  coal  mined  by  hand,  percentage  . .     308 

mined  by  machine,  percentage 308 

shot  off  solid,  amount 308 

value  per  ton  at  mine 308 

coal  beds,  character  of 304 

coal  fields  in,  area 134,304 

coal  mines,  accidents 306 

aocidents  reportable 305 

days  worked  annually 308 

disasters .^ 306 

fatalities 306 

byeauses 310 

diartshowing 26 

fatality  rates 308 

chartshowing 26 

oo  2,aXMiour  basis 307 

hours  worked  daily 307 

inspection  service 305 

lockouts  and  strikes 307 

men  emplojred 12,308 

mining  madkines,  number 108,306 

mining  methods 304 

I        coal  production 308 

i  per  death 308 

perman. 


Tercio  mine,  Colorado,  explosion. 71,158 
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Texas,  ooal  mined  by  hand,  percentage 314 

mined  by  machine,  percentage 314 

shot  off  solid,  anibunt 914 

value  per  ton  at  mine 314 

coal  beds,  character 311 

coai field  in,  area 135,311 

coal  mines,  accidents 312 

accidents  reportable 312 

days  worked  annually 314 

fatalities 314 

bycaoses 315 

chartshowlng 26 

fatality  rates 314 

chartshowlng , 26 

on  2,000-hour  basis. 313 

hours  worked  dedly 313 

inspection  service 312 

lockouts  and  strikes 313 

men  employed 12,314 

mining  machines,  numbw 108,314 

mining  methods 311 

coal  production 314 

per  death 314 

per  man 314 

Thawing  explosives,  fatalities  from 78 

Thomas  No.  25  mine,  West  Virginia,  explo- 
sion   71,342 

Tidewater  mine,  Vivian,  W.  Va.,  explosion.  71,342 
Toller  mine,  ToUerville,  Colo.,  explosion —  73,  loO 
Tonnage  basis  for  computing  fatality  rates ...  60 
Transportation  of  explosives,  fatalities  from .       78 

Trinidad  coalfield,  Colorado 156 

Tripp  mine,  Scranton,  Pa.,  accident 73, 288 

Trolley  wire,  contact  with,  fatalities  from 88 

tool  or  bar  striking,  fatalities  from ...       88 

Twin  mine,  Pittston,  Pa.,  accident 70, 287 

Two-thousand-hour  workers,  fatality  rates 

based  on 61,62 

number 61,62 

See  aUo  States  listed. 
Tunnel  mine,  Ashland,  Pa.,  accident 69, 287 

U. 

Umpiremine,  Brownsville, Pa., explosion..  70,288 

Underground  employees ,  fatal  Ity  rates 19 

by  principal  causes 19 

number 6, 19 

Unexploded  charges,  drilling  into 78 

I'niform  time  basis  for  computing  fatality 

rates 62 

Union  Pacific  No.  2  mine,  Cumberland,  Wyo., 

accident 73,350 

United  Coal  No.  1  mine,  Christopher,  HI., 

explosion 72, 1 72 

United  Kingdom.   i9e«  Great  Britahi. 

United  States,  coal,  value  per  ton  at  mine ...       10 

coal  mines,  disaiBters,  list  of 69 

fatalities  by  calendar  years  and  States , 

1870  to  1914 27-59 

bycauses 14 

by  States,  1839  to  1914 7,8,9 

chartshowlng...... 26 

men  employed,  by  States 12 

mining  machines,  number. 108 

coal  production 10 


Page. 
United  States  Geological  Survey,  acknowl- 

edgmentto 5 

coal-field  areas  estimated  by 133 

Utah,  coal  mined  by  hand,  percentage 320 

mined  by  machine,  percentage. 320 

shot  off  solid,  amount 320 

value  per  ton  at  mine 320 

coal  beds,  character 316 

coal  field  in,  area 135^  316 

coal  mines ,  acclden  ts 317 

accidents  reportable 317 

days  worked  annually 320 

disasters 317 

fataUties 320 

bycauses 322 

chartshowlng 26 

fatality  rates 320 

chart  showing 26 

on  2,000-hour  basis 819 

hours  worked  daily 319 

inspection  service 317 

lockouts  and  strikes 319 

men  employed 12,320 

mining  machines,  number 108,320 

mining  methods 316 

coal  production 320 

per  death 320 

per  man 320 

V. 

Ventilation  of  coal  mines  In  Ohio 260 

Victor  American  No.  3  mine,  Delagua,  Colo., 

fire  and  explosion 72, 159 

Virginia,  coal  mined  by  hand,  percentage 328 

mined  by  machine,  percentage 328 

shot  off  solid,  amount 328 

value  per  ton  at  mine 328 

coal  beds,  character 323 

coal  fields,  area 134,323 

coal  mines,  accidents 325 

accidents  reportable 324 

days  worked  annually 328 

disasters 325 

fatalities 328 

by  causes 329 

chartshowiDg 26 

fatality  ra  tes 328 

chartshowlng 26 

on  2,000-hour  basis 327 

hours  worked  daily 326 

Inspection  service 324 

men  employed 12, 328 

mining  machines,  number 108,328 

mining  methods 324 

coal  production 328 

per  death 328 

per  man 328 

Virginia  City  mine,  Alabama,  explosion —  71, 141 

Von  Storch  mine,  Scranton,  Pa.,  fire 70, 287 

Vulcan  mine,  New  Castle,  Colo.,  explosion. . .      70, 

73, 1.59 
W, 

WadesAille  mine,  Pennsylvania,  accident . .  70, 287 

explosion 69, 287 
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METHODS  OF  SAMPLING  DELIVERED  COAL,  AND  TYPES  OF 
SPECIFICATIONS  FOR  THE  PURCHASE  OF  COAL  FOR  THE 
GOVERNMENT.  

ByOsoBOE  S.  Pope. 


INTRODUOTIOK. 

This  bulletin  is  a  revision  of  Bulletin  63  and  is  published  by  the 
Bureau  of  Mines  in  order  that  purchasers  of  coal  for  Government, 
State,  municipal,  or  private  use  may  be  informed  regarding  advances 
or  refinements  in  sampling  coal  deliveries  and  preparing  specifications 
for  the  purchase  of  coal. 

The  piu*chase  of  coal  by  the  Government  under  specifications 
depending  on  the  heating  value  of  the  coal,  its  content  of  ash  and  of 
moisture,  and  other  considerations,  rather  than  upon  the  reputation 
or  trade  name  of  the  coal,  was  based  on  the  fuel  investigations  begun 
by  the  Technologic  Branch  of  the  United  States  Geological  Survey  in 
1904.  The  plan  was  first  adopted  by  the  Treasury  Department  in 
1906.  Since  then  the  plan,  variously  modified  in  form,  but  the  same 
in  principle,  has  been  gradually  adopted  by  other  departments  until, 
at  present,  of  the  coal  used  by  the  Government,  the  total  value  of 
which  approximates  $8,000,000  annually,  more  than  half  is  purchased 
under  specifications.  The  Government  publications  dealing  with  the 
adoption  by  the  Grovemment  of  the  speciQcation  plan,  the  niunber 
of  contracts  awarded  on  that  basis,  and  the  quality  of  the  coal  deliv- 
ered imder  such  contracts  in  the  several  fiscal  years  covered  by  the 
reports  are  given  in  publications  » listed  at  the  end  of  this  bulletin. 

Under  the  authority  of  acts  of  Congress  making  appropriations  for 
analyzing  and  testing  fuels  belonging  to  or  for  the  use  of  the  United 
States  Government,  a  laboratory  is  maintained  at  the  headquarters 
of  the  Bureau  of  Mines,  Washington,  D.  C,  where  samples  represent- 
ing deliveries  of  coal  purchased  under  specifications  for  Government 
use  are  analyzed  and  tested. 

At  this  laboratory  more  than  1,200  samples  have  been  analyzed 
and  tested  in  one  month.  With  the  complete  equipment  and  the 
efficient  force  employed,  the  analytical  work  has  been  so  perfected 
that  the  analyses  and  heating* value  tests  of  the  samples  received  are 
as  acciu*ate  as  may  be  reasonably  expected  in  laboratory  work  of  this 
nature. 

o  S«e  Bulls.  11,  41,  and  119,  Bureau  of  Mines. 
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One  of  the  serious  drawbacks  to  the  general  adoption  of  the  speci- 
fication method  for  the  purchase  of  coal  is  the  difficulty  of  obtaining 
at  reasonable  cost  samples  of  coal  that  can  be  C9nsidered  fairly  repre- 
sentative of  the  commercial  product  delivered  in  wagons,  railroad 
cars,  or  ships.  Therefore  the  method  of  taking  and  preparing  sam- 
ples for  shipment  to  the  laboratory  has  been  given  fully  as  much  care 
as  the  making  of  the  analyses  and  tests,  and  a  general  plan  of  coUect- 
ixig  samples  fairly  representative  of  the  delivered  coal  has  been 
evolved  through  various  modifications  and  improvements  based  on 
experience  and  increased  knowledge  of  the  physical  and  chemical 
characteristics  of  the  various  coals  that  are  purchased  by  the  Grovem- 
ment.  The  method  that  is  in  general  use  by  the  Government  is 
described  in  the  following  pages. 

In  connection  with  studies  of  the  coal  deposits  of  the  country,  of 
the  best  methods  of  preventing  waste  in  mining,  and  of  increasing 
efficiency  in  the  utilization  of  coal  belonging  to  or  for  the  use  of  the 
Government,  geologists  and  engineers  of  the  United  States  Geolog- 
ical Survey  and  of  the  Bureau  of  Mines  have  visited  more  than  2,500 
coal  mines  scattered  through  all  of  the  coal-producing  States  and 
Territories.  From  each  mine  2  to  8  or  more  samples  were  taken, 
the  number  depending  upon  the  size  of  the  mine  and  its  output. 
The  analyses  and  descriptions  of  the  samples  collected  up  to  the  end 
of  the  fiscal  year  1913  are  published  in  Bureau  of  Mines  bulletins  22  <* 
and  85,^  and  those  of  samples  collected  in  the  fiscal  years  1914  and 
1915  are  presented  in  a  bulletin  that  will  soon  be  published  by  the 
bureau. 

A  study  of  the  analyses  of  these  samples  and  of  the  samples  taken 
from  cars  shipped  from  a  number  of  the  same  mines  shows  that  the 
mine  samples  are  as  a  rule  of  higher  grade  than  the  average  commer- 
cial shipments,  particularly  with  respect  to  containing  a  lower  per- 
centage of  ash  and  having  a  correspondingly  higher  heating  value.' 
This  difference  is  due  to  the  fact  that  the  Government  inspector,  pro- 
ceeding on  the  basis  of  what  can  be  done  by  a  good  miner,  usually 
removes  more  of  the  partings  of  bone,  slate,  and  other  extraneous 
matter  from  his  mine  samples  than  the  average  miner  does  in  ordi- 
nary practice,  the  aim  of  the  miner  being  to  get  the  maximum  number 
of  tons  past  the  tipple  inspection,  as  his  earnings  are  based  on  his 
output.  The  average  miner,  therefore,  does  not  always  take  as  much 
care  as  he  might  in  rejecting  the  impurities.  The  difference  may  be 
caused,  too,  by  the  presence  of  pieces  of  the  mine  roof  and  floor  in 
commercial   shipments.     The   Government    inspector   can   readily 

a  Lord,  N.  W.,  and  others,  Analyses  of  coals  in  the  United  States,  with  descriptions  of  mine  and  iield 
samples  collected  between  July  1, 1904,  and  June  30, 1910:  Bull.  22,  Bureau  of  Minos,  1912, 1129  pp.  In 
two  parts. 

t>  Fleldner,  A.  C,  Smitli,  H.  I.,  Fay,  A.  H.,  and  Sanford,  S.,  Analyses  of  mine  and  car  samples  of  coal 
collected  in  the  fiscal  years  191 1  to  1913:  Bull.  85,  Bureau  of  Mines,  1914, 444  pp. 
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exclude  these  from  the  mine  sample,  but  they  often  get  into  the 
commercial  coal  as  a  result  of  the  character  of  the  roof  and  floor 
and  of  the  mining  methods  employed.  The  efficiency  of  the  tipple 
inspection  and  the  means  employed  in  rejecting  impmrities  when 
the  coal  is  loaded  into  the  railroad  car  are  also  factors  that  often 
largely  account  for  the  difference  between  mine  and  commercial 
samples.  Most  of  the  samples  collected  from  the  mines  by  the 
Government  inspectors  show  a  higher  moisture  content  than  com- 
mercial samples,  because  of  the  generally  moist  atmosphere  of  the 
mine  and  the  precaution  taken  to  prevent  loss  of  moisture  in  the 
collection,  preparation,  and  analysis  of  mine  samples. 

When  properly  taken,  the  mine  samples  are  of  great  value,  as  they 
indicate  the  general  character  of  the  coal  and  the  imiformity  of  the 
coal  bed  and  enable  one  to  determine  its  probable. value  for  any 
designated  purpose,  provided  due  consideration  is  given  to  the 
character  of  the  partings,  the  roof,  and  the  floor,  and  to  the  possi- 
bility of  pieces  from  these  being  loaded  with  the  commercial  output. 

The  collection  of  mine  samples  by  the  Bureau  of  Mines  and  the 
Geological  Survey  is  done  in  a  systematic  manner,  according  to  a 
prearranged  plan,  and  the  same  procedure  is  always  followed  where 
circimistances  permit.  A  special  outfit  for  use  in  collecting  mine 
samples  has  been  developed.  The  method  followed  and  a  description, 
with  illustrations,  of  the  outfit  are  published  in  Bureau  of  Mines 
Technical  Paper  1,  entitled  "The  Sampling  of  Coal  in  the  Mine." 

THEOBY  OF  SAHPUNG. 

To  determine  with  utmost  accuracy  the  ash  content  and  heating 
value  of  a  quantity  of  delivered  coal  would  require  the  burning  of  the 
entire  quantity,  and  special  apparatus  arranged  to  measure  the  total 
heat  liberated,  or  would  require  crushing  the  whole  quantity,  and 
reducing  it  by  an  elaborate  scheme  of  successive  crushings,  mixings, 
and  fractional  selections  to  portions  weighing  approximately  1  gram, 
the  minute  quantity  which  the  chemist  requires  for  each  determina- 
tion. Either  of  these  procedures  is  obviously  impracticable  if  the 
coal  is  to  be  used  for  the  production  of  heat  and  power. 

The  method  actually  employed  is  to  select  portions  from  all  parts 
of  a  consignment  or  delivery  of  coal  and  to  systematically  reduce  the 
gross  sample,  obtained  by  mixing  these  portions,  to  quantities  that 
the  chemist  requires  for  making  ash  determinations  or  that  can  be 
burned  conveniently  in  the  calorimeter,  an  apparatus  for  determining 
the  heating  value.  The  gross  sample  should  be  so  large  that  the 
chance  admixtxu^  of  pieces  of  slate,  bone  coal,  pyrite,  or  other 
impmities  in  an  otherwise  representative  sample  will  affect  but 
slightly  the  final  results.  Increasing  the  size  of  the  gross  sample 
tends  toward  accuracy,  but  the  possible  increase  is  limited  by  the 
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cost  of  collection  and  reduction.  In  reducing  the  gross  sample  by 
successive  crushings  and  halvings  or  fractional  selections;  the  object 
is  to  procure  a  small  laboratory  sample  that,  upon  analysis,  will  give 
approximately  the  same  results  as  the  gross  sample  itself;  or,  in  fact, 
the  entire  quantity  of  coal  from  which  the  gross  sample  was  obtained. 

THE  HSTHOD  OF  BAHPUNG  AS  A  PABT  OF  COAL  BPEGIFICATI0K8. 

The  method  of  sampling  because  of  its  importance  as  a  definite 
commercial  procedure,  is  clearly  set  forth  in  the  specifications  in  use 
by  the  Government,  and  is  made  a  part  of  the  contract.  In  order 
that  there  may  be  uniformity  and  similarity  in  specifications  used  by 
the  diflferent  branches  of  the  Federal  service  for  the  purchase  of  coal, 
the  Bureau  of  Mines  has  prepared  specifications  for  general  use  by 
the  Grovemment.  These  specifications  in  their  present  form  are  the 
result  of  development  following  years  of  experience  and  satisfactory 
use  by  various  Government  branches.  The  specifications  printed  on 
pages  46  to  58,  are  typical  of  the  Federal  specifications  in  use  for  the 
fiscal  year  1915-16.  It  is  recognized  that  in  general  specifications, 
such  as  presented,  certain  requirements  have  to  be  of  wide  applica- 
tion, in  order  to  cover  a  variety  of  conditions,  not  only  as  to  char- 
acter and  quality  of  coal,  but  as  to  type  of  furnace  equipment,  size 
of  deliveries,  and  method  of  delivering. 

PBACnCAL  CONBIDEBATION8 
MOISTUKE. 

The  specifications  that  wfere  used  for  the  purchase  of  coal  on  the 
heat-imit  basis  prior  to  the  fiscal  year  1912-13  were  on  the  B.  t.  u. 
(British  thermal  unit)  ''as  received'^  basis;  that  is,  payment  for 
delivered  coal  was  directly  affected  by  the  moisture  content  of  the 
sample  received  by  the  laboratory.  This  method  was  based  on  the 
assumption  that  the  moisture  in  the  sainples  collected  at  the  time  of 
weighing  and  delivery  could  be  preserved  with  slight  loss  during  the 
storing  and  subsequent  working  down  of  the  gross  sample  to  a  quan- 
tity convenient  for  transmittal  to  the  laboratory  and  in  its  later  treat- 
ment in  the  laboratory.  From  experiments  that  have  been  made  and 
from  a  large  mass  of  data,  it  is  known  that  the  moisture  content  of 
coal  does  not  remain  constant,  and  that  the  moisture  content  reported 
by  the  laboratory  may  be  as  much  as  5  to  10  per  cent  lower  than  that 
actually  contained  in  excessively  wet  or  high-moisture  coal  at  the 
time  of  weighing. 

In  one  investigation,  254  gross  samples  were  reduced,  at  the  deliv- 
ery point,  to  samples  weighing  approximately  5  poimds  each  and 
then  the  6-poxmd  samples  were  divided  into  two  equal  parts  ("dupli- 
cates"), which  were  placed  in  mailing  cans  and  sent  to  the  Bureau  of 
Mines  for  analysis.    The  moisture  contents  of  the  '* duplicates"  were 
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presumably  identical,  but  analysis  showed  that  the  average  difference 
between  the  moisture  contents  of  the  254  pairs  of  ''duplicates''  was 
0.256  per  cent  and  the  maximum  difference  was  3.6  per  cent.  These 
figures  indicate  the  n^oisture  differences  that  may  exist  even  after  the 
gross  sample  has  been  reduced  to  approximately  5  poimds,  but  they 
do  not  show  the  moisture  lost  by  the  gross  sample  while  in  storage 
and  while  being  reduced  to  5  pounds.  As  stated  above,  the  total  loss 
of  moisture  may  be  as  much  as  5  to  10  per  cent  in  high-moisture  or 
excessively  wet  coals.. 

As  a  sample  loses  moisture,  its  B.  t.  u.  ''as  received"  value  cor- 
respondingly rises,  with  the  result  that  the  price  for  delivered  coal 
determined  on  the  "as  received"  value  is,  with  rare  exceptions, 
higher  than  that  warranted  by  the  quality  of  the  coal  at  the  time  of 
weighing.  As  a  general  statement,  payment  based  on  the  "as 
received"  B.  t.  u.  value  will  be  higher  than  warranted,  imless  the 
sampling  and  laboratory  work  can  be  carried  on  under  conditions 
that  minimize  moisture  loss,  as  under  freezing  temperatures. 

Recognizing  the  xmcertainty  involved  in  taking  the  moisture  deter- 
mination in  the  laboratory  as  representative  of  the  moisture  content 
of  the  delivered  coal  and  the  consequent  possibility  of  payment  of  a 
higher  price  than  is  warranted,  the  Bureau  of  Mines  recommends  that 
the  heating  value  in  coal  specifications  be  on  the  "dry-coal"  basis. 

The  fact  is  recognized  that  the  amoimt  of  moisture  contained  in 
coal  produced  from  day  to  day  from  the  same  mine,  or  group  of  mines 
working  the  same  bed,  is  largdy  accidental,  and  is  a  matter  over  which 
the  buyer  and  seller  have  only  slight  control.  However,  in  order  to 
place  a  negative  value  on  high-moisture  coals  and  to  protect  the  Gov- 
ernment against  the  delivery  of  coals  containing  excessive  amoimts 
of  moisture,  the  specifications  require  the  bidders  to  specify  the  maxi- 
mum moisture  content  in  coal  offered.  This  value  becomes  the 
standard  of  the  contract. 

If  coal  of  imiform  B.  t.  u.  "dry-coal''  value  is  deUvered  on  a  con- 
tract, the  contractor  receives  the  advantage  on  any  dehvery  in 
which  the  moisture  content  approaches  the  maximum  specified, 
because  he  is  paid  for  the  weight  of  water  contained  in  the  coal  in 
excess  of  a  normal  amount,  whereas  if  the  coal  is  very  dry,  containing 
less  than  the  normal  amoxmt  of  moisture,  the  purchaser  receives  the 
advantage. 

For  example,  coal  is  delivered  imder  a  contract  in  which  the 
standards  are  14,300  B.  t.  u.  per  poxmd  "dry  coal,"  and  a  maximimi 
moisture  content  of  3.6  per.  cent.  The  heating  value  of  a  ton  (2,240 
pounds)  of  "dry  coal"  would  be  32,032,000  B.  t.  u.  Assume  that 
the  average  moisture  content  of  deUveries  for  a  year  is  2.5  per  cent, 
then  for  every  2,240  pounds  of  "dry  coal"  having  a  heating  value 
of  32,032,000  B.  t.  u.,  the  purchaser  is  required  to  pay  for  56  pounds 
21215*»— Bull,  lie— 16 2 
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of  water  at  the  same  rate  per  ton  as  for  ''dry  coal,"  but  as  this  per- 
centage of  moisture  in  average  deliveries  is  inherently  a  constituent 
of  the  coal,  it  is  considered  as  part  and  parcel  of  the  coal  by  both  the 
purchaser  and  the  seller.  If  the  coal  delivered  contains  3.5  per  cent 
moisture,  to  procure  32,032,000  B.  t.  u.  ''dry  coal,"  the  purchaser 
has  to  pay  1  per  cent  more  for  coal  because  of  the  excess  water 
above  the  normal  amoimt,  whereas  if  the  coal  contains  1.5  per  cent 
moisture,  the  purchaser  pays  1  per  cent  less.  As  the  variations  in 
moisture  content,  1.5  or  3.5  per  cent,  are  lai^ely  accidental,  the 
season  of  the  year  being  partly  responsible  for  them,  it  is  equitable 
that  the  purchaser  and  seller  should  share  the  uncertainty.  The 
purchaser  justly  has  a  right,  however,  to  demand  that  the  seller  shall 
guarantee  a  maximum  moisture  content,  as  a  means  of  enabling  the 
purchaser  to  compare  one  coal  with  another,  as  a  guaranty  that  the 
seller  will  observe  precautions  against  dehvering  coal  that  is  xmduly 
wet,  and  as  a  basis  for  adjusting  the  price  of  exceptionally  wet  coal. 

The  United  States  Weather  Bureau  in  its  annual  reports  gives  the 
total  precipitations  per  month  and  the  maximum  in  24  hours  for 
different  sections  of  the  United  States.  At  Washington,  D.  C,  the 
greatest  rainfall  recorded  for  one  month  is  5.89  inches,  and  for  24 
consecutive  hours  is  3.67  inches. 

As  an  example  of  the  effect  of  a  heavy  rain  on  a  car  of  coal  in 
transit,  a  precipitation  of  3  inches  of  water  on  a  loaded  50-ton  car, 
area  of  top  about  360  square  feet,  would  increase  the  weight  of  the 
coal  5.01  per  cent,  provided  none  of  the  water  drained  out  or  evap- 
orated. It  is  obvious  that  if  this  coal  is  weighed  and  delivered  imme- 
diately, special  samples  for  moisture  determinations  should  be  col- 
lected and  prepared  at  once  and  sent  to  the  laboratory,  as  a  basis  for 
equitable  adjustment  of  payment  on  account  of  the  excessive  amount 
of  water  in  the  coal.  As  the  weight  of  the  coal  was  increased  by  the 
excess  water,  there  should  be  a  corresponding  decrease  in  the  price 
to  be  paid. 

If  a  railroad  car  or  a  wagon  so  rained  on  was  not  imloaded  im- 
mediately after  weighing  and  the  special  moisture  samples  were  not 
properly  collected,  prepared,  and  sent  hermetically  sealed  to  the 
laboratory,  it  is  obvious  that  the  purchaser  would  pay  a  higher  price 
than  warranted,  especially  if  the  car  or  wagon  stood  for  some  time 
before  sampling  and  some  of  the  water  drained  out.  Further,  if  the 
coal  was  not  immediately  imloaded  and  sampled  or  if  the  car 
continued  in  transit  after  weighing,  then  the  coal  at  the  top  would 
soon  dry;  and  in  either  case  the  effect  of  the  3-inch  rainfall,  as  indi- 
cated by  the  analysis,  might  be  only  a  fractional  percentage  of  the 
moisture  contained  in  the  coal  at  the  time  of  weighing. 

The  determination  of  the  moisture  in  coal  deUvered  from  stock 
piles  is  often  of  great  importance,  for  the  proportion  of  moisture 
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containod  in  the  small  sizes,  which  are  most  abundant  near  the  center 
of  a  stock  pile  and  which  absorb  the  rains,  and  melting  snows  in 
districts  of  heavy  snows,  may  be  from  10  to  15  per  cent  higher  than 
when  stocked.  It  is  apparent,  therefore,  that  special  moistm^e  sample 
determinations  are  necessary  for  equitable  adjustment  of  payment 
on  account  of  excessive  moisture  in  coal  which  is  stocked  in  pileB 
exposed  to  the  weather. 

The  specifications  provide  for  the  collection  of  '^  special  moisture 
samples"  if,  in  the  opinion  of  the  Government  officials  sampling  it, 
the  delivery  contains  moisture  i/i  excess  of  that  guaranteed  by  the 
contractor.  The  **special  moistiire  samples"  are  prepared  in  a  man- 
ner to  minimize  moisture  losses  and  may  be  taken  and  prepared  inde- 
pendently of  the  gross  samples  collected  for  the  determinations  of 
heating  value  (B.  t.  u.),  ash,  and  other  specified  data.  If  the  analysis 
of  the  special  sample  shows  a  moisture  content  in  excess  of  the  con- 
tractor's guaranty,  a  proportionate  deduction  is  made  from  the 
price  to  be  paid  for  the  coal. 

''Special  moist\u*e  samples"  representing  coal  as  delivered  should 
be  preserved  in  such  a  way  as  to  minimize  moisture  loss,  because  if 
the  moisture  content  of  the  sample,  as  shown  by  analysis,  is  less  than 
the  actual  moisture  content  of  the  coal  at  the  time  it  is  weighed, 
either  because  of  the  sample  being  nonrepresentative  or  because  of 
subsequent  moisture  loss  during  the  storage  or  the  preparation  of  the 
sample,  the  price  to  be  paid  for  the  coal  delivered  is  correspondingly 
increased  and  an  injustice  is  done  the  purchaser.  It  is  equally 
important  to  protect  the  sample  during  collection  or  storage  from 
becoming  wet  by  rain,  snow,  or  water  from  any  other  source,  in  order 
to  insure  that  the  sample  represents  the  delivered  coal.  Evidently, 
therefore,  particular  attention  should  be  pven  to  procuring  for  the 
laboratory  a  sample  containing  the  same  percentage  of  moisture  as 
the  deUvered  coal. 

To  minimize  moisture  loss,  the  sample  must  be  placed  in  a  tight 
container  and  stored  in  a  cool  place  before  it  is  reduced.  Moreover 
the  sample  should  be  reduced  and  transmitted  to  the  laboratory  as 
soon  as  practicable.  It  is  well  to  remember  that  a  sample  taken 
from  coal  that  has  been  exposed  to  a  relatively  high  temperature, 
as  coal  from  a  boiler  or  furnace  room,  or  from  adjacent  bins,  has  lost 
moisture  and  does  not  represent  the  coal  as  delivered.  For  the 
same  reason  the  samples  should  not  be  stored  m  a  boiler  room. 

If  the  contractor  does  not  guarantee  a  moisure  content  lower  than 
can  be  actually  maintained  on  an  average,  the  collection  of  ''special 
moisture  samples''  and  the  making  of  price  corrections  on  account  of 
excessive  moisture  will  seldom  be  necessary.  Thus,  the  placing  of 
heating  value  (B.  t.  u.)  on  the  "dry  coal"  basis,  with  a  maximum 
moisture  content,  eliminates  frequent  corrections  of  price  on  accotmt 
of  uncertain  moisture  variations. 
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ASH   AND   HEATING   VALUE. 

The  heating  value  of  coal  from  the  same  mine  or  from  a  group  of 
mines  operating  the  same  bed  of  uniform  character  is  directly  influ- 
enced by  the  percentage  of  asK.  By  ash  is  meant  earthy  matter  and 
impurities  that  do  not  bum.  As  the  proportion  of  ash  inherent 
(sometimes  termed  "intrinsic  ash")  in  the  coal  substance  as  a  rule 
does  not  vary  widely  in  coal  from  the  same  bed,  the  heating  value  is 
laigely  determined  by  the  amount  and  character  of  the  free  (some- 
times termed  "extraneous")  impurities,  and  hence  the  manner  in 
which  coal  is  cleaned  and  prepared*  at  the  mine  may  greatly  aflfect 
the  heating  value  of  commercial  shipments.  In  collecting  samples, 
therefore,  it  is  of  utmost  importance  that  the  samples  should  con- 
tain within  reasonable  Umits  the  same  proportion  of  impurities  as 
the  delivered  coal  from  which  they  were  taken. 

As  the  specifications  provide  for  adjustment  of  price  according 
to  the  ash  content  or  the  heating  value,  or  both,  it  is  evident  that 
samples  taken  from  delivered  coal  should  show,  by  analysis,  practi- 
cally the  same  ash  content  and  heating  value  as  the  delivered  coal. 
In  other  words,  the  sample  should  contain  the  same  proportion  of 
slate,  bony  coal,  pyrite  and  other  impurities  as  the  quantity  deUv- 
ered,  in  order  that  the  price  adjustment  based  on  the  analysis  may 
be  fair  to  both  purchaser  and  seller.  Obviously,  it  is  important  to 
guard  against  any  accidental  admixture  of  sand,  cement,  clinkers, 
or  other  foreign  matter  while  the  sample  is  in  storage  or  while  it  is 
being  prepared  for  transmittal. 

In  this  connection,  attention  is  called  to  the  fact  that  the  gross 
sample  should  contain  the  same  proportion  of  lump  and  fine  coal  as 
the  delivered  coal,  for  it  has  been  determined  that  fine  or  slack  coal 
may  have  an  ash  content,  or  a  heating  value,  different  from  lump 
coal  from  the  same  shipment. 

VOLATILE   MATTER. 

The  volatile  matter"  of  coal,  as  shown  in  analyses,  generally  con- 
tains some  inert  noncombustible  matter,  the  proportion  of  which 
may  range  from  1  to  15  per  cent.  The  character  of  the  volatile 
matter  in  any  given  coal  and  the  temperattires  at  which  it  is  given  off 
bear  directly  on  the  design  and  operation  of  furnaces  for  burning 
the  coal  efficiently  and  without  smoke.  The  proportion  of  combus- 
tible and  noncombustible  constituents  in  the  volatile  matter  and  the 
character  of  the  combustible  constituents  differ  in  different  coals, 
and,  therefore,  the  heating  value  of  a  coal  can  not  be  determined 
from  a  proximate  analysis.  Moreover,  different  coals  with  the  same 
proportion  of  volatile  matter  may  not  behave  alike  in  the  furnace. 

a  Porter,  H.  C,  and  Ovltz,  F.  K.,  The  volatile  matter  of  ooal:  Bull.  1,  Bureau  of  Mines,  1910, 56  pp. 
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In  order  to  determine  the  comparative  value  of  two  coals  for  the  same 
piurposCy  it  is  important  to  know  both  their  chemical  composition 
and  their  heating  value.  Hence  the  specifications  recommended 
by  the  Bureau  of  Mines  provide  that  before  final  awards  of  -con- 
tractSy  practical  service  tests  may  be  made  to  determine  the  relative 
suitability  of  the  coals  offered. 

In  the  specifications  the  contractor  is  required,  in  addition  to 
giving  the  name  and  the  location  of  the  mine  or  mines  producing 
the  coal  and  the  name  of  the  coal  bed  worked,  to  specify  the  volatile 
matter  content  and  other  proximate  analysis  determinations  of  the 
coal  he  proposes  to  furnish.  The  volatile  matter  content  he  specifies 
becomes  the  standard  of  his  contract,  and  deUvery  of  coal  with  a 
different  percentage  of  volatile  matter,  indicating  the  substitution  of 
a  coal  other  than  that  offered,  may  result  in  the  coal  being  rejected 
and  the  Government  purchasing  coal  in  the  open  market  (the  con- 
tractor being  chaiged  with  the  difference,  if  any,  in  cost)  or  in  the 
contract  being  canceled. 

The  Grovemment  does  not  consider  any  scheme  of  applying  penal- 
ties on  account  of  variations  in  volatile  matter  equitable,  because  the 
character  of  the  volatile  matter  and  its  heating  value  are  not  neces- 
sarily indicated  by  the  volatile  matter  determination,  and  because 
this  determination  is  made  by  an  empirical  method  whereby  dupU- 
cate  determinations  on  the  same  sample  may  differ  as  much  as  2 
per  cent  in  different  laboratories,  or,  in  fact,  in  the  same  laboratory. 
Accordingly,  no  corrections  in  price  are  made  for  variations  in 
volatile  matter. 

The  bureau  has  received  copies  of  commercial  and  municipal  speci- 
fications drawn  up  apparently  without  regard  to  these  facts.  One 
specification,  for  instance,  provides  for  a  correction  of  2  per  cent  in 
price  for  each  1  per  cent  of  volatile  matter  in  excess  of  the  standard 
guaranteed.  On  a  coal  sold  at  $3  per  ton  a  deduction  of  12  cents  per 
ton  might  be  made  for  an  apparent  excess  of  2  per  cent  in  volatile 
matter,  when,  in  fact,  the  actual  volatile  matter  of  the  coal  was  not 
above  the  standard.  Specifications  of  this  nature  furnish  legitimate 
grounds  for  opposition  from  coal  companies  and  do  much  to  discredit 
the  specification  method  for  the  purchase  of  coal. 

SULPHUR   AND   CLINKER. 

Sulphur  is  commonly  present  in  coal  in  combination  with  iron  or 
other  elements.  For  a  long  time  it  was  thought  that  the  sulphur 
formed  clinker,  but  recent  investigations  point  to  the  fact  that  sulphur 
is  not  the  only  cause  of  cUnkering;  in  fact,  there  may  be  no  difficulty 
from  clinker  in  burning  coal  containing  as  much  as  5  per  cent  or  more 
sulphur.  The  relative  proportions  of  iron,  sulphur,  lime,  almnina, 
silica,  etc./ in  the  ash  affect  its  fusibility,  whereas  the  method  of 
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firing  and  the  rate  of  combustion  are  important  factors  in  the  forma- 
tion of  chnkers.  The  exact  relation  of  dinkering  to  the  constituents 
of  the  ash  is  not  known  so  well  that  one  can  definitely  predict  from 
an  analysis  of  the  ash  whether  a  coal  will  or  will  not  clinker.  At 
many  power  plants  the  fireman  slices  the  fire  too  often  and  works 
the  ash  up  from  the  grates  into  the  hot  coal  bed,  where  it  melts  and 
fuses  into  heavy,  dense  masses  of  clinker.  At  high  rates  of  combus- 
tion the  ash  in  a  given  coal  may  clinker  (though  at  lower  rates  it 
does  not)  because  of  the  ash  being  raised  to  the  fusing  tempera- 
ture. The  fact  that  the  percentage  of  sulphur  does  not  necessarily 
indicate  the  behavior  of  the  coal  in  the  furnace  is  recognized  in  the 
specifications  recommended  by  the  Bureau  of  Mines.  The  contrac- 
tors, however,  are  required  to  specify  the  sulphur  content  so  that 
standards  for  the  coals  to  be  delivered  may  be  established. 

Many  commercial  and  municipal  specifications  exact  penalties  for 
a  slight  increase  in  the  sulphur  content,  although  coal  of  high  sulphur 
content  may  clinker  less  and  its  heating  value  may  be  higher.  One 
specification  received  by  the  Bureau  of  Mines  exacts  a  deduction  of 
5  per  cent  in  price  for  each  1  per  cent  of  sulphur  in  excess  of  the 
standard.  In  the  case  of  a  coal  supphed  at  $3  a  ton,  the  presence  of 
1  per  cent  of  sulphur  in  excess  of  the  standard,  as  indicated  by 
analysis,  would  often  result  in  an  imwarranted  deduction  of  15  cen^ 
a  ton.  Under  such  a  contract,  the  variations  which  it  is  recognized 
exist  in  sampling  and  analysis  may  cause  a  contractor  imjustly  to 
suffer  a  heavy  deduction. 

Both  the  sulphur  and  the  volatile-matter  content  should  be  used 
to  classify  coals  and  to  identify  the  coal  guaranteed.  Variations 
indicatiog  the  substitution  of  an  imsatisfactory  coal  should  be  con- 
sidered cause  for  rejection  of  the  coal  or  for  cancellation  of  the 
contract. 

NEED  OF  EXPEBnSNCE  AND  CAUTION  IN  BAHPUNa. 

Persons  without  experience  generally  select  a  sample  better  than 
the  average  run  of  the  coal  dehvered.  Occasionally,  a  lump  unusually 
free  from  layers  of  slate  and  impurities,  and  representing  the  best  coal 
in*  the  lot  rather  than  the  average,  is  selected.  After  being  broken  it 
is  shipped  to  the  laboratory  in  a  cloth  sack,  so  that  it  loses  moisting 
during  transit.  The  analysis  of  such  a  sample  necessarily  indicates  a 
value  higher  than  that  of  the  coal  delivered.  As  a  quantity  of  coal 
may  vary  greatly  in  composition,  containing  not  only  what  may  be 
termed  coal  proper  with  certain  more  or  less  constant  impurities,  but 
also  slate,  pyrite,  and  bony  coal,  a  lump  may  be  anything  from 
almost  pure  coal  to  material  without  fuel  value.  Hence  the  analysis 
and  test  of  a  single  lump  may  indicate  a  composition  greatly  different 
from  that  of  the  coal  at  hand.    It  is  well  to  remember  that,  as  the 
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larger  lumps  of  coal  roll  down  and  collect  near  the  bottom  of  a  pile  or 
load,  a  sample  taken  entirely  from  near  the  floor  does  not  always 
fairly  represent  the  whole. 

In  spite  of  every  precaution  taken  to  prevent  loss  of  moisture  dur- 
ing the  collection,  preparation,  and  an^ysis  of  samples,  it  is  certain 
that  loss  of  moisture  may  occur;  also  there  may  be  too  little  or  too 
much  slate,  bony  coal,  or  other  foreign  matter  collected  in  what  is 
otherwise  a  tnily  representative  gross  sample,  so  that  the  determina- 
tion of  the  heating  value  or  ash  content  does  not  strictly  agree  with 
the  actual  value  of  these  factors  in  the  coal  delivered.  However,  an 
experienced  collector,  by  using  good  judgment  and  following  the  gen- 
eral directions  given  for  collecting  and  preparing  samples,  can  obtain 
samples  so  fairly  representative  that  the  results  of  the  analyses  are 
reasonably  accurate.  The  suggestions  that  follow  are  presented  for 
the  guidance  of  those  who  wish  to  send  representative  samples  to  a 
laboratory  for  analysis  and  heating-value  tests. 

DntEOTIOKS  FOB  SAHPUNO. 
SIZE  OF  THE  GBOSS  SAMPLE. 

The  number  of  pounds  to  be  taken  as  a  gross  sample  to  represent 
a  given  lot  of  coal  varies  with  the  character  and  condition  of  the  coal, 
and  not  with  the  amount  of  coal  to  be  sampled.  The  character  and 
proportion  of  the  bony  coal,  slate,  etc.,  and  the  size  of  the  particles 
of  both  coal  and  impurities  are  the  governing  factors.  It  is  there- 
fore evident  that  sampling  should  not  be  left  to  an  inexperienced 
person,  but  should  be  done  by  one  who  is  thoroughly  familiar  with 
the  significance  of  these  factors  and  has  some  knowledge  of  the  coal 
to  be  sampled. 

There  is  greater  probability  of  taking  too  little  than  of  taking  too 
much  coal  for  a  gross  sample.  It  is  generally  true  that  the  larger  the 
gross  sample  the  less  is  the  chance  of  its  being  nonrepresentative. 
Large  samples  must  be  taken  in  sampling  coals  that  carry  a  varying 
proportion  of  large  pieces  of  slate,  bony  coaJ,  or  pyrite,  for  it  is 
evident  that  including  or  excluding  large  pieces  of  the  impurities 
must  affect  the  analysis  of  a  small  sample  considerably;  hence,  the 
analysis  may  not  indicate  the  quality  of  the  coal  sampled  and,  conse- 
quently, may  be  worthless  for  determining  the  price  to  be  paid  for 
the  coal.  If  the  free  impurities  are  small  particles  and  are  well  dis- 
tributed throughout  the  coal,  representative  samples  may  be  obtained 
easily. 

Bailey**  has  contributed  valuable  information  to  the  study  of  sam- 
pling coal.  He  gives  the  results  of  experiments  and  studies  made  to 
determine  the  size  of  samples  and  methods  of  sampling  required 

o  BaUey,  E.G.,  Acoaxucy  in  sampling  coal.    Paper  read  before  industrial  division  of  American  Chemical 
Society,  Baltimore,  Dec.  31, 1908.    How  to  sample  coal  and  coke,  Fuel  Testing  Co.,  Bull.  4, 1910. 
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for  reliable  analyses.  The  ''size-weight"  ratio  or  percentage,  that 
is,  the  ratio  of  the  percentage  of  the  largest  pieces  of  slate  to  the 
total  weight  of  the  sample,  is  shown,  and  appears  to  be  the  most  im- 
portant factor  for  consideration  in  the  sampling  of  coal.  The  fun- 
damental principles  as  stated  by  Bailey  were  recognized  in  the  experi- 
ments and  investigations  conducted  by  the  Bureau  of  Mines.  The 
conclusions  reached  by  the  bureau  as  to  the  size  of  samples  to  be  col- 
lected, and  the  sizes  to  which  a  sample  should  be  crushed  at  its 
various  stages  of  reduction  in  quantity,  substantiate  the  results  of 
Bailey^s  work. 

As  a  result  of  these  experiments  and  tests  it  has  been  found  that 
as  the  size  of  the  sample  is  decreased  the  differences  between  separate 
samplings  become  greater  and  greater.  In  the  case  of  very  small 
samples"  the  difference  may  become  equivalent  to  that  between  pure 
coal  and  slate.  On  the  other  hand,  it  has  been  foimd  that  as  the 
weight  of  the  sample  is  increased,  the  difference  rapidly  decreases, 
until  a  point  is  reached  where  the  accuracy  obtained  by  taking  larger 
samples  is  affected  but  slightly.  This  would  not  ordinarily  be  war- 
ranted, because  of  the  expense  which  would  be  involved  in  making 
special  provisions  for  handhng  the  very  large  samples. 

The  large  differences  obtained  with  small  samples  show  very  forc- 
ibly the  necessity  for  collecting  large  gross  samples  in  order  to  insure 
the  results  of  analyses  and  reliable  heating-value  tests,  from  which 
the  proper  price  to  be  paid  for  deUvered  coal  can  be  determined  and 
injustice  to  either  seller  or  buyer  prevented. 

As  a  result  of  the  tests  it  has  been  estabUshed  that  a  gross  sample 
of  approximately  1,000  poxmds  is  sufficient  to  give  reliable  results 
for  coals  comparatively  easy  to  sample;  that  is,  coals  relatively  free 
from  the  *' extraneous '^  impurities.  It  may  be  necessary  to  collect 
larger  gross  samples,  even  1,500  poimds  or  more,  for  coals  containing 
a  considerable  proportion  of  impurities  in  large  pieces,  or  large  lumps 
of  coal  with  streaks  of  bone,  slate,  or  pyrite,  or  sulphur  balls  and 
lenses. 

Whether  a  delivery  consists  of  1  ton,  600  tons,  or  more,  the  need 
of  the  gross  sample  weighing  1,000  pounds  or  more  is  the  same.  One 
such  sample  carefully  taken  and  reduced  to  a  quantity  convenient 
for  transmittal  to  the  laboratory  can  well  represent  a  delivery  of 
several  hundred  tons,  a  thousand  tons,  or  more. 

For  convenience,  however,  and  to  avoid  long  storage  of  the  sam- 
ples, the  Bureau  of  Mines  considers  it  advisable  that  one  sample  of 
1,000  pounds,  or  more,  should  be  collected  weekly  in  the  case  of 
Government  contracts  calling  for  more  or  less  regular  deUveries  each 
week.  If,  however,  the  quantity  deUvered  during  a  week  is  rela- 
tively small,  then  the  sample  may  represent  the  coal  delivered  during 

a  In  this  bulletin  the  word  slate  Is  used  as  a  oommerclal,  not  a  geological,  term  and  signifies  shale. 
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a  longer  period.  To  facilitate  accounting,  many  branches  of  the 
Government  service  order  contractors  to  deliver  in  certain  quantities, 
usually  100  to  500  tons.  In  such  cases  the  samples  are  collected  to 
represent  the  order  without  special  regard  to  the  period  covered, 
and  one  or  more  gross  samples  of  1,000  pounds  or  more  each  are 
collected,  as  may  be  most  practical  and  expedient  in  view  of  the 
f  acihties  for  sampling  and  the  other  considerations  involved. 

In  sampling  cargo  deliveries  of  5,000  and  more  tons,  the  Bureau 
of  Mines  collects  from  3,000  to  4,000  pounds  of  coal  as  a  gross  sample. 
In  order  that  the  preparation  of  the  samples  may  proceed  while  the 
cargo  is  being  loaded,  after  approximately  500  pounds  has  been 
collected  it  is  reduced  to  a  quantity  convenient  for  mailing  to  the 
laboratory,  and  each  succeeding  500  poimds  is  likewise  reduced. 
This  procedure  makes  unnecessary  the  accumulation  of  a  quantity 
of  coal  that  can  not  be  systematically  and  conveniently  handled  in 
the  short  time  and  the  small  space  usually  available.  Two  or  more 
of  the  samples  are  combined  and  reduced  to  one  in  the  laboratory, 
and  four  or  five  analyses  are  usually  made  for  a  cargo,  and  a  report 
on  the  cargo  is  obtained  by  averaging  the  analyses.  The  samples 
may,  however,  be  mixed  in  the  laboratory  and  only  one  analysis 
made  to  represent  the  cargo.  Though  the  experiments  which  have 
been  made  indicate  that  a  sample  of  approximately  1,000  pounds 
will  give  results  fairly  representative  of  the  cargo,  the  objection  to 
the  1,000-poiuid  sample  is  that  it  is  too  small  to  aUow  of  the  frequent 
coUection  of  shovelfuls  or  portions  of  any  quantity  throughout  the 
losing  of  a  large  cargo.  As  it  generally  happens  that  coal  from  a 
number  of  mines  is  loaded  into  the  same  cargo,  it  is  desirable  to 
collect  a  considerable  quantity  of  coal,  so  that  each  mine  may  be 
well  represented  in  the  gross  sample.  It  is  obvious  that  the  more 
frequently  the  portions  are  collected  and  the  greater  the  quantity 
sampled,  the  less  the  probabiUty  that  the  sample  will  be  nonrep- 
resentative;  accordingly,  the  bureau  considers  that  in  sampling 
5,000-ton  cargoes  safety  lies  rather  in  the  larger  gross  sample. 

WHEN  TO  COLLECT  SAMPLES. 

The  best  opportunities  for  procuring  representative  samples  are 
afforded  while  the  coal  is  being  loaded  into  or  unloaded  from  railroad 
cars,  ships,  and  barges,  or  whUe  it  is  being  dumped  from  wagons. 
Once  the  coal  is  stored  in  piles  or  bins,  or  loaded  on  cars  or  -Vessels, 
the  procuring  of  representative  samples  is  practically  impossible 
unless  the  whole  quantity  of  coal  is  immediately  handled  again  and 
the  conditions  for  sampling  become  favorable.  Samples  collected 
from  the  coal  exposed  in  piles,  bins,  barges,  cars,  or  ships  can  be 
considered  representative  only  under  the  condition  that  the  mass 
of  coal  is  homogeneous  throughout.     Such  a  condition  is  highly 
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improbable  and  uncertain,  and  the  analysis  of  samples  collected 
from  the  surface  may  give  results  that  are  very  imreUable  as  indi- 
cating the  nature  of  the  entire  quantity,  and  that  may  be  worthless 
as  a  basis  for  determining  an  equitable  price  to  be  paid  for  the  coal. 

OOLLEOTION  OF  OBOSS  SAMPLES. 

When  coal  is  being  loaded  into  or  imloaded  from  wagons,  raikoad 
cars,  ships,  or  barges,  a  shovel  or  a  specially  designed  tool  may  be 
used  for  taking  portions  or  increments  of  l6  to  30  pounds  to  make 
up  tho  gross  sample  of  coal.  As  the  size  of  the  increments  should 
be  governed  by  the  size  and  weight  of  the  lai^est  pieces  of  coal  and 
impurities;  increments  of  more  than  30  pounds  may  be  required  for 
coals  containing  lai^e  pieces  of  coal  and  impmities. 

If  one  chute  or  conveyor  is  used  for  delivering  a  considerable  quan- 
tity of  coal  to  or  from  wagons,  cars,  or  ships,  it  may  prove  expeditious 
and  economical  to  devise  a  mechanical  means  for  collecting  portions 
from  fractional  parts  of  the  discharged  coal,  or  continuously  deflect- 
ing a  portion  of  the  coal  as  it  falls  down  the  chute,  or  diverting  from 
the  conveyor  definite  portions  of  coal,  and  thus  mechanically  and 
automatically  collecting  the  gross  sample. 

The  mechanical  collection  of  samples  is  preferred  to  shovel  sam- 
pling, as  it  eliminates  the  personal  equation.  The  mechanical  sam- 
pler does  not  discriminate  for  or  against  taking  more  or  less  slate 
or  other  impurities.  A  person  should  collect  samples  with  a  shovel 
in  the  main  without  regard  to  impurities,  leaving  the  amount  of  the 
impurities  included  in  a  sample  largely  to  chance,  as  it  is  impossible 
to  rate  correctly  the  proportion  of  the  impurities  concealed  in  the 
coal,  however  competent  the  sampler  may  be.  A  mechanical  sam- 
pler should  preferably  take  the  whole  of  the  stream  of  coal  flowing 
down  the  chute  a  part  of  the  time  rather  than  a  part  of  the  stream 
all  the  time,  because  the  sizes  and  character  of  the  pieces  of  coal  and 
impurities  are  not  apt  to  be  evenly  distributed  across  the  stream. 
Excellent  opportunity  is  afforded  for  procuring  representative 
samples  if  the  entire  consignment  of  coal  is  crushed  immediately 
after  it  is  weighed  and  delivered,  for  then  the  samples  can  be  col- 
lected from  the  crushed  coal.  If  the  coal  is  conveyed  from  the 
crusher  by  a  conveyor,  means  can  be  devised  for  mechanically  and 
automatically  diverting  from  the  conveyor  definite  portions  of 
coal  to  make  up  the  gross  sample. 

The  portions  shoidd  be  regularly  and  systematically  collected,  so 
that  the  entire  quantity  sampled  will  be  represented  proportionately 
in  the  gross  sample.  The  interval  at  which  the  portions  are  collected 
should  be  regulated  so  that  the  gross  sample  collected  will  weigh  not 
less  than  approximately  1,000  pounds.    If  the  coal  contains  an 
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unxisual  proportion  of  unpurities,  such  as  slate,  bony  coal,  and 
pyrite,  and  if  the  pieces  of  such  impurities  are  very  laige,  it  will  be 
necessary  to  collect  gross  samples  of  even  1,500  pounds,  or  more,  but 
for  slack  coal  and  for  small  sizes  of  anthracite,  if  the  impurities  are 
not  in  abnormal  proportion  or  in  pieces  larger  than  about  three- 
quarters  of  an  inch,  and  are  evenly  distributed  throughout  the 
coal,  a  gross  sample  of  approximately  600  pounds  may  prove  suflBi- 
cient.  The  gross  sample  should  contain  the  same  proportion  of  lump 
coal,  fine  coal,  and  impurities  as  the  coal  dehvered.  As  soon  as  the 
portions  are  collected  they  should  be  deposited  in  a  receptacle 
having  a  tight-fitting  lid  provided  with  a  lock. 

WAQOKLOAD  8AMPLINO. 

A  gross  sample  taken  by  hand  from  coal  delivered  by  wagon  at  a 
Government  building  should  consist  of  shovelfuls  of  coal  taken  from 
the  first,  second,  or  third  wagonload  as  it  is  being  discharged,  the 
number  of  shoveUuls  taken  and  the  loads  sampled  being  dependent 
on  the  number  of  loads  which  the  gross  sample  is  to  represent.  If 
the  coal  is  discharged  immediately  into  a  crusher,  it  is  preferable  to 
collect  shovelfuls  of  the  crushed  coal. 

If  it  is  desired  to  sample  coal  delivered  in  small  lots  by  wagons  to  a 
lai^e  niunber  of  buildings  from  one  source  of  supply  where  the  coal 
is  all  weighed,  and  if  the  collection  of  samples  at  each  building  will 
involve  considerable  expense,  samples  may  be  conveniently  collected 
at  minimum  expense  at  the  source  of  supply  when  the  coal  is  loaded 
into  the  wagons.  In  such  case  the  samples  are  collected  without 
regard  to  delivery  points,  the  object  being  to  sample  the  coal  loaded 
into  the  wagons.  At  the  end  of  the  month  or  upon  the  completion 
of  an  order  the  corrected  price  per  ton,  if  there  be  any  corrections  on 
account  of  coal  varying  from  the  standards  guaranteed  by  the  con- 
tractor, applies  to  each  individual  delivery  point.  ShoveKuls  of  coal 
should  be  taken  from  each  wagonload,  or  evejy  second  or  third,  etc., 
wagonload,  the  number  of  shovelfuls  taken  and  the  number  of  wagon- 
loads  sampled  being  dependent  upon  the  number  of  loads  which  the 
gross  sample  is  to  represent. 

It  is  important  to  obtain  representative  portions  of  coal  from  every 
part  of  the  delivery,  so  that  the  sample  will  show  the  quality  of  the 
delivery  or  order  as  a  Whole.  The  gross  sample  should  contain  about 
the  same  proportion  of  lump  coal,  fine  coal,  and  foreign  matter  as  the 
coal  delivered. 

CARLOAD  SAMFLING. 

Samples  taken  from  railroad  cars  should  not  be  limited  to  a  few 
shovelfuls  of  coal  procured  from  the  top  of  a  car,  for  the  size  of  the 
coal  and  the  proportion  of  foreign  matter  may  vary  from  the  top  to 
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the  bottom  of  the  car.  The  only  way  to  obtain  a  representative 
sample  is  to  take  a  number  of  shovelfuls  or  portions  of  coal  from 
different  points  in  a  car,  from  top  to  bottom  and  from  end  to  end, 
while  the  coal  is  being  loaded  or  xmloaded. 

When  a  shipment  of  coal  is  sampled  at  the  mine,  shovelfuls  or 
portions  of  coal  should  be  taken  systematically  as  the  coal  is  loaded 
into  the  railroad  car,  and  with  such  regularity  that  the  sample  will 
represent  the  entire  carload.  The  frequency  of  collecting  the  por- 
tions will  depend  on  the  number  of  cars  of  coal  to  be  represented  by 
one  gross  sample.  If  only  one  carload  is  to  be  sampled,  a  gross 
sample  of  1,000  poimds,  or  more,  should  be  collected.  If  two  or 
more  cars  of  coal  are  to  be  represented  by  the  sample,  proportionate 
amounts  to  make  up  the  gross  sample  should  be  taken  from  the  coal 
as  it  is  loaded  into  each  car.  The  samples  should  be  taken  after  the 
coal  has  been  prepared  for  market;  that  is,  if  the  coal  is  passed  over 
picking  tables  or  pickers  are  employed  on  the  car  to  remove  the 
impurities  from  the  coal,  the  samples  should  be  taken  only  after  the 
coal  has  had  its  final  preparation. 

When  samphng  coal  delivered  from  open  cars  and  unloaded  by 
hand  shovelfuls  should  be  taken  at  regular  intervals  as  the  coal  is 
unloaded  into  wagons  or  bins. 

When  coal  is  being  sampled  from  dump  cars,  ladlefuls  (see  p.  19) 
or  shovelfuls  should  be  taken  from  the  stream  of  coal  being  discharged 
to  the  bins  or  ship.  If  the  discharged  coal  is  immediately  crushed 
the  gross  sample  should  preferably  be  collected  after  the  coal  leaves 
the  crusher. 

If  a  number  of  carloads  are  delivered  on  an  order  or  during  a  short 
period  the  preparation  of  a  gross  sample  of  1,000  pounds  or  more  for 
each  car  would  involve  considerable  time,  labor,  and  expense  at  the 
delivery  point,  as  well  as  in  the  laboratory;  in  fact,  a  gross  sample  for 
each  car  would  not  be  required,  for  if  a  gross  sample  is  carefully  taken 
and  prepared  it  can  well  represent  a  number  of  cars.  If  a  gross  sample 
is  collected  to  represent  two  or  more  cars  representative  portions  of 
the  coal  should  be  taken  in  equal  quantities  from  each  car. 

The  method  followed  by  the  Bureau  of  Mines  in  sampling  coal 
discharged  from  railroad  cars  directly  into  ships  is  given  under 
"Cargo  sampling." 

CARGO   SAHPUNQ. 

In  sampling  cargoes,  as  in  sampling  carloads,  portions  of  coal 
should  be  taken  in  equal  quantities  and  at  frequent  and  regular 
intervals  so  as  to  represent  proportionate  parts  of  the  consignment 
as  a  whole,  either  while  the  coal  is  being  loaded  or  unloaded.  There 
is  no  assurance  that  a  sample  or  a  series  of  samples  taken  from  the 
top  of  the  cargo  represents  the  cargo  as  a  whole;  in  fact,  it  is  very 
doubtful  if  such  samples  are  ever  representative 
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The  Bureau  of  Mines  has  charge  of  the  samplmg  of  cargo  ship- 
ments of  coal  to  the  Isthmus  of  Panama  for  the  Panama  Rail  Rostd 
Co.  The  coal,  which  is  loaded  from  piers  at  Hampton  Roads,  Nor- 
folk, and  Newport  News,  Ya.,  is  dumped  directly  from  raiboad  cars 
into  ships  carrying  from  4,000  to  12,000  tons  of  coal.  The  method 
followed  is  to  collect  portions  of  coal  from  every  railroad  car  dumped. 
From  30  to  60  pounds  are  taken  from  each  car  sampled,  the  quantity 
taken  depending  on  the  size  of  the  cargo.  From  3,000  to  4,000 
pounds  are  usually  collected  as  a  gross  sample  to  represent  a  cargo 
(see  p.  15  under  ''Size  of  the  gross  sample")*  The  gross  samples 
are  reduced  in  successive  stages  as  collected,  rather  than  accumulated 
and  later  reduced  to  quantities  convenient  for  transmittal  to  the 
laboratory; 

The  portions  making  up  the  gross  samples  are  taken  from  the  coal 
as  it  is  discharged  from  the  bottom-dump  cars  by  the  use  of  a  shovel 
or  a  specially  constructed  ladle.  The  ladle  has  a  handle  about  5  feet 
long  and  a  bowl  1  foot  in  diameter  at  the  top,  9  inches  at  the  bottom, 
with  depth  of  9i  inches,  and  holds  from  25  to  30  pounds  of  coal.  To 
collect  samples  with  the  ladle,  it  is  rested  on  the  rails  of  the  track  or 
on  the  chains  that  support  the  gates  of  the  car.  Two  ladlefuls  are 
usually  taken  from  a  car,  one  from  one  side  and  the  other  from  the 
other  side  at  the  opposite  end,  thereby  obtaining  portions  from  dif- 
ferent parts  of  the  car.  Care  is  observed  to  not  collect  portions  of 
the  first  or  last  coal  spilling  from  the  car,  for  the  moisture  content  or 
proportions  of  foreign  matter  in  such  coal  may  render  the  sample 
unrepresentative.  If  circiunstances  permit,  the  ladle  is  shifted  and 
filled  from  different  sections  of  the  stream  of  falling  coal.  It  some- 
times happens  that  the  coal  is  discharged  very  rapidly,  in  which  case 
the  coUector  must  be  alert  to  collect  portions  at  the  most  desirable 
periods  and  must  take  care  that  the  coal  does  not  wrench  the  ladle 
out  of  his  hands  or  jerk  him  down  and  do  him  bodily  injury. 

The  method  of  sampling  cai^o  shipments  has  been  established  as 
the  result  of  numerous  experiments,  and  it  has  been  determined  that 
the  analytical  reports  obtained  are  representative  within  limits 
reasonably  to  be  expected  for  work  of  this  nature. 

The  bureau  is  making  a  study  of  the  conditions  on  the  piers,  with 
a  view  of  devising  means  whereby  the  samples  can  be  automatically 
and  mechanically  collected,  prepared,  and  reduced  to  quantities 
convenient  for  transmittal  to  the  laboratory.  At  one  of  the  three 
railroad  terminals  loading  at  Hampton  Roads,  Va.,  the  bureau  has 
installed  a  crusher  for  crushing  the  gross  samples  to  ^-inch  mesh 
and  finer,  and  parting  devices  for  reducing  the  samples  in  quantity, 
thereby  eliminating  the  hand  preparation  of  samples.  It  is 
proposed  to  install  crushers  and  equipment  at  the  other  two  points. 
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Because  of  the  suddenness  with  which  the  coal  may  break  through 
and  drop  out  of  the  raihroad  car  after  the  gates  are  open  and  because 
of  the  momentum  of  the  rapidly  falling  coal,  it  may  be  impossible  to 
collect  a  satisfactory  sample  by  attempting  to  catch  coal  in  a  shovel 
or  ladle.  In  such  event,  it  may  be  necessary  to  collect  shovelfuls  of 
the  coal  that  has  overflowed  on  the  pier.  If  beams  10  to  12  inches 
wide  span  the  pockets  immediately  underneath  the  car,  a  fairly 
satisfactory  sample  can  often  be  collected  in  shovelfuls  from  the  coal 
lodging  on  the  beams. 

Though  the  collector  may  use  the  shovel  or  ladle  to  the  best  of  his 
ability,  these  tools  may  collect  portions  of  coal  that  do  not  contain 
lump  coal  in  the  same  proportion  that  exists  in  the  car.  Especially 
may  this  occur  if  the  coal  contains  a  large  proportion  of  lumps  of 
considerable  size.  In  that  event,  the  collector  should  collect  portions 
of  lumps  from  time  to  time  and  add  them  to  the  sample.  Necessarily 
the  collector  must  be  relied  upon  to  collect  a  sample  under  these 
conditions  that  wiU  fairly  represent  the  proportions  of  lump  and 
slack  coal  contained  in  the  coal  sampled,  and  it  follows  that  the 
collector  must  have  experience  in  sampling  and  be  able  to  judge  the 
coal  and  the  sample. 

In  sampling  large  quantities  of  coal  in  a  short  period,  the  collector 
frequently  works  under  disadvantages  and  has  not  the  opportunity 
to  select  more  leisurely  and  methodically  portions  of  coal  to  make 
X  up  a  gross  sample,  as  he  can  in  sampling  wagonload  dehveries  or  in 
single  carloads  or  barges  imloaded  by  shovel,  dam  shells,  or  grab 
buckets,  and  this  fact  should  be  considered  in  comparing  the  results 
of  sampling  cargo  with  wagon  or  railroad-car  deliveries. 

In  collecting  samples  from  coal  as  it  is  imloaded  from  a  ship,  the 
same  general  instructions  apply;  the  cai^o  being  systematically 
sampled  during  the  entire  period  of  unloading,  so  that  samples  will  * 
be  collected  which  represent  the  quantity  as  a  whole.  If  imloaded 
by  grab  buckets  or  into  barrows,  shovelfuls  should  be  collected  at 
regular  intervals  from  the  buckets  or  barrows.  If  the  coal  is  crushed 
immediately  after  it  is  imloaded,  it  is  preferable  to  collect  samples 
from  the  crushed  coal. 

SAMPLE  RECEPTACLE. 

As  the  wagons  or  railroad  cars  may  arrive  irregularly  at  the  build- 
ing or  plant  and  the  coal  be  intermittently  unloaded,  a  metal  recepta- 
cle or  wooden  box  of  a  size  to  hold  a  gross  sample  of  at  least  1,000 
poimds,  with  a  tight-fitting  lid  which  can  be  locked,  is  required  for 
holding  the  portions  of  coal  taken  from  each  wagon  or  car  until  the 
gross  sample  is  completed.  In  sampling  cargo  deliveries,  buckets 
holding  60  to  70  poimds  may  prove  more  satisfactory  to  use  for 
receiving  the  portions  making  up  a  gross  sample,  as  the  samples  are 
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usually  worked  down  as  the  loading  progresses  and  the  buckets  are 
convenient  for  carrying  the  coal  to  the  space  available  for  preparing 
the  gross  samples.  If  the  gross  samples  are  stored,  a  box  should  be 
provided  or  else  a  sufficient  niunber  of  buckets  with  tight-fitting  Uds 
and  locks  should  be  available  in  order  to  preserve  the  integrity  of  the 
sample. 

The  buckets,  boxes,  or  receptacles  should  be  inspected  each  time 
before  using  and  thoroughly  cleaned  to  remove  the  coal  dust  remain- 
ing from  previous  samples  and  any  foreign  matter  that  may  by 
chance  be  in  them. 

COLLECTION   OF   SPECIAL  MOISTUBE   SAMPLES. 

During  the  collection  of  gross  samples  and  liheir  reduction  to  quan- 
tities that  are  convenient  for  transmittal  to  the  laboratory  and  that 
correctly  represent  the  ash,  sulphur,  and  heating  value  of  the  coal 
sampled,  it  is  ordinarily  impossible  to  retain  in  the  sample  all  the 
moisture  that  was  in  the  delivered  coal.  Obviously,  if  it  is  desired 
to  determine  the  amount  of  moisture  in  delivered  coal,  special  mois- 
ttire  samples  are  usually  necessary.  Owing  to  the  fact  that  a  sample 
unavoidably  loses  moisture  during  every  stage  of  handling  and 
preparation,  the  special  moisture  samples  must  be,  in  a  sense,  grab 
samples  and  must  be  collected,  prepared,  and  placed  in  a  sealed 
container  with  as  little  delay  as  possible. 

If  a  gross  sample  is  collected  during  a  period  of  a  few  hours  or  a 
very  few  days  and  the  sample  is  collected  and  stored  under  conditions 
that  will  preserve  its  moisture  content,  a  special  moisture  sample  may 
be  collected  from  the  gross  sample  after  it  has  been  rapidly  crushed, 
so  that  it  will  all  pass  through  a  1-inch  screen  (the  fineness  to  which 
the  gross  sample  is  reduced  by  the  first  crushing,  see  table  on  p.  25). 
It  should  be  collected  in  a  place  comparatively  cool  and  protected 
from  rain,  snow,  wind,  and  the  sun's  rays.  A  small  scoop  may  be 
used  for  collecting  the  sample.  The  scoop  shoidd  have  a  capacity 
of  about  one  pound  of  coal — a  scoop  with  bottom  about  2§  inches 
wide  and  8}  inches  long  and  vertical  sides  about  2  inches  high 
is  about  the  right  size.  As  the  crushed  coal  is  shoveled  into  a 
conical  pile  (p.  26),  scoopfuls  should  be  regularly  and  systematically 
collected  so  that  approximately  one  scoopful  will  be  collected  to 
every  two  shovelfuls  (about  30  pounds)  deposited  on  the  cone, 
thereby  collecting  a  special  moisture  sample  weighing  from  30  to 
50  pounds.  As  the  scoopfuls  are  collected  they  should  be  placed  in 
a  receptacle  which  can  be  tightly  closed.  After  the  gross  sample  has 
been  formed  into  a  conical  pile  (p.  26)  and  the  special  moisture  sample 
weighing  30  to  50  pounds  has  been  accumulated,  the  special  moisture 
sample  should  be  immediately  and  rapidly  crushed  so  that  no  pieces 
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of  coal  or  impurities  are  larger  than  one-half  inch;  and  it  should  be 
rapidly  coned,  flattened,  and  quartered,  and  a  mailing  can  (p.  32) 
filled  by  taking  portions  from  each  quarter  by  use  of  the  scoop  (each 
portion  only  partly  filling  the  scoop).  The  mailing  can  should  be 
properly  sealed  at  once  (p.  36)  and  forwarded  to  the  laboratory. 

If  the  gross  sample  in  the  above  case  is  crushed  mechanically  and 
reduced  to  the  quantity  desired  for  transmittal  to  the  laboratory  by 
use  of  sampling  machines  in  such  a  manner  and  in  machines  so 
designed  that  moisture  losses  are  minimized,  then  the  collection  of  a 
special  moisture  sample  may  prove  unnecessary,  as  the  moisture 
determination  made  on  the  regular  sample  will  represent,  within 
reasonable  limits,  the  moisture  content  in  the  coal  delivered. 

If  a  gross  sample  is  collected  during  a  period  of  several  days,  and  if 
it  is  manifest  that  the  sample  will  lose  moisture  during  its  storage 
and  preparation,  the  special  moisture  sample  shoidd  be  accumulated 
by  placing  in  a  receptacle  small  portions  of  the  freshly  taken  incre- 
ments making  up  the  gross  sample.  Under  these  conditions  it  is 
desirable  that  a  receptacle  which  can  be  hermetically  sealed  and  has 
a  capacity  of  about  100  pounds  be  provided  in  which  to  preserve  the 
portions  making  up  the  special  moisture  sample  as  they  are  taken 
each  day.  After  the  gross  sample  is  accumulated  a  quantity  con- 
venient for  transmittal  to  the  laboratory  should  be  selected  from  the 
special  moisture  sample  (in  accordance  with  the  method  given  above) 
and  forwarded  in  the  mailing  can,  properly  sealed  for  special  moisture 
determination. 

If  two  or  more  railroad  cars  are  to  be  represented  by  one  gross 
sample,  and  if  the  cars  contain  different  amounts  of  moisture  seem- 
ingly in  excess  of  the  maximum  moisture  content  guaranteed,  mois- 
ture samples  should  be  taken  separately  from  each  car.  If  a  single 
gross  sample  is  to  represent  several  days'  delivery,  and  if  because  of 
heavy  intermittent  rains  there  is  a  considerable  difference  in  moisture 
content  between  each  day's  delivery,  and  each  contains  moisture  in 
excess  of  the  maximum  content  guaranteed,  then  a  special  moisture 
sample  should  be  taken  representing  each  day's  delivery.  Payment 
for  the  entire  quantity  on  account  of  ash  and  B.  t.  u.,  "dry  coal,"  is 
determined  from  the  analysis  of  the  gross  sample,  but  corrections  on 
account  of  excessive  moisture  should  apply  to  the  particular  car  or 
cars,  or  day's  delivery.  The  purchaser  woidd  be  at  a  disadvantage 
on  account  of  heavy  rain  if  corrections  for  moisture  did  not  apply  to 
euch  day's  delivery  or  fraction  of  the  delivery,  because  if  the  special 
moisture  samples  were  mixed,  and  one  special  moisture  determina- 
tion only  made,  the  effect  of  the  heavy  rains  would  largely  be  averaged 
out  in  the  mixture,  and,  in  addition,  in  storing,  mixing,  and  reducing 
the  samples  there  would  be  more  or  less  moisture  lost. 
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FBEPABATION  OF  THE   GROSS  SAMPLE. 

Though  a  gross  sample  may  he  collected  ever  so  carefully  and  may 
represent  the  coal  sampledj  unless  it  is  prepared  in  accordance  with 
vjiU  recognised  prindples,  the  results  of  analysis  and  test  may  he  worth- 
less for  determining  equitable  settlement  for  the  coal. 

Tlie  portions  taken  in  making  up  the  gross  sample  should  be  imme- 
diately placed  in  a  box  or  a  receptacle  having  a  tight-fitting  cover 
and  a  lock,  for  storage  in  order  to  preserve  its  int^rity  until  it  is 
reduced  to  a  quantity  convenient  for  transmitting  to  the  laboratory. 

If  it  is  desired  to  determine  the  moisture  content  of  a  gross  sample 
that  has  been  collected  in  a  comparatively  short  time  under  pre- 
cautions to  minimize  moisture  loss,  the  sample  should  be  placed  in  a 
comparatively  cool  place  and  the  crushing,  mixing,  and  reduction 
for  shipment  to  the  laboratory  should  be  done  as  rapidly  as  possible; 
this  is  imperative  if  the  analysis  of  the  sample  is  to  represent  the 
approximate  condition  of  the  coal  with  respect  to  its  moisture  content 
at  the  time  it  was  weighed.  Obviously,  a  sample  on  which  a  moisture 
determination  is  desired  should  be  protected  from  rain  and  snow  and 
strong  air  currents  or  vrinds  and  the  sun's  rays  during  its  storage  and 
preparation. 

The  proper  preparation  of  a  gross  sample  for  shipment  to  the 
laboratory  involves  three  operations:  (1)  Crushing,  (2)  mixing,  and 
(3)  reduction  in  quantity.  The  operations  proceed  in  stages  until 
the  final  sample  is  obtained. 

The  crushing  may  be  done  by  a  mechanical  crusher  or  by  hand 
with  an  iron  tamping  bar  or  sledge  on  a  smooth,  clean,  sheet-iron 
plate,  of  suitable  dimensions,  or  on  a  solid  floor — ^in  the  absence  of  a 
sheet-iron  plate  or  smooth,  tight  floor,  the  crushing  may  be  done  on  a 
heavy  canvas — to  prevent  the  accidental  admixture  of  any  foreign 
matter.  The  mixing  and  reduction  may  be  done  by  hand  with  a 
shovel,  or  mechanically  by  means  of  riffles  or  sampling  machines. 

It  is  obvious  that  if  the  gross  sample  is  reduced  in  quantity  without 
crushing,  the  effect  of  the  selection  or  rejection  of  one  or  more  of  the 
lai^e  pieces  of  slate  or  other  impurities  in  the  portion  of  the  sample 
retained  multiplies  rapidly  as  the  sample  becomes  smaller.  To  illus- 
trate: A  sample  of  1,000  pounds  contains  a  piece  of  slate  weighing 
1  pound,  which  is  one-tenth  per  cent  of  the  weight  of  the  gross  sample. 
If  the  sample  is  halved  in  quantity  without  crushing,  the  half  of  the 
sample  retained  for  further  reduction  will  contain  two-tenths  per  cent 
ash  more  or  less  than  the  rejected  half,  according  to  whether  the 
piece  of  slate  went  into  the  retained  half  or  into  the  rejected  half.  In 
halving  the  500-poimd  sample,  the  1-pound  piece  of  slate  would  have 
an  effect  of  four-tenths  per  cent  on  the  ash  content  of  either  the  re- 
tained or  rejected  half.  If,  in  continuing  the  reduction  of  the  sample 
21216**— BuU.  U6— 16 i 
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by  halving  each  time,  the  l-pound  piece  of  slate  by  chance  should 
fall  into  the  retained  half  on  each  successive  halving,  it  would  have 
an  effect  of  12.8  per  cent  on  a  7|-J-pound  sample — that  is,  in  halving 
the  15f-pound  sample  the  1-pound  piece  of  slate  would  cause  the  ash 
content  of  one-half  of  the  sample  to  be  12.8  per  cent  higher  than  the 
other;  in  other  words,  if  the  average  ash  of  the  coal  is  10  per  cent, 
one  of  the  7|-}-po^^d  samples  would  show  an  ash  content  of  22.8 
per  cent.  This  fundamental  priQciple  that  the  weight  of  the  largest 
piece  of  impurities  should  be  relatively  very  small  in  ratio  to  the 
weight  of  the  sample  at  each  halving  is  recognized  in  the  instructions 
for  sampling  issued  by  the  Bureau  of  Mines,  which  specify  that  the 
sample  should  be  successively  crushed,  mixed,  and  reduced. 

In  the  sampling  of  ores  it  is  recognized  that  the  particles  of  ore 
must  be  crushed  to  varying  degrees  of  fineness  in  order  to  obtain 
results  within  an  allowable  limit  of  error,  and  to  accomplish  this, 
elaborate  and  costly  plants  are  constructed  and  maintained.  Brun- 
ton^  states  that  experiments  and  calculations  and  a  general  con- 
sideration of  the  subject  indicate  that  the  size  to  which  ore  must 
be  crushed  for  sampling  in  order  to  reduce  error  within  an  allowable 
limit  will  depend  on: 

1.  The  weight  or  bulk  which  the  sample  is  to  have.  Evidently  the  smaller  the 
sample  the  finer  the  material  must  be  crushed. 

2.  The  relative  proportion  between  the  value  of  the  richest  mineral  and  the  average 
value  of  the  ore.  If  the  average  grade  of  the  ore  is  high  in  comparison  with  the  grade 
of  the  richest  mineral,  a  particle  of  richest  mineral  of  a  given  size  and  value  will  have 
less  percentage  effect  on  the  sample  than  the  same  particle  would  have  on  the  same 
amount  of  lower-grade  ore;  therefore,  other  conditions  being  the  same,  with  hi^- 
grade  ores  we  may  crush  more  coarsely  than  with  low-grade  ores  and  still  keep  within 
the  same  percentage  of  error;  while  if  the  richest  mineral  is  of  comparatively  high 
grade  a  particle  of  it  of  given  size  will  have  a  greater  effect  on  the  sample  than  if  it  is 
of  low  grade,  and  this  will  necessitate  finer  crushing. 

3.  The  specific  gravity  of  the  richest  mineral.  The  higher  the  specific  gravity 
of  the  richest  mineral  the  greater  the  value  contained  in  a  particle  of  given  size  and 
grade,  and  hence  the  greater  the  influence  of  such  particle  on  the  sample;  from  which 
followB  the  necessity  of  keeping  down  the  size  of  the  largest  particles  by  finer  crushing 
than  is  required  when  the  richest  mineral  is  of  lower  specific  gravity. 

4.  The  number  of  particles  of  richest  mineral  which  are  likely  to  be  in  excess  or 
deficit  in  the  sample  is  evidently  an  important  factor,  a  liability  to  a  large  number 
necessitating  especially  fine  crushing.  But  such  liability  can  result  only  from  imper- 
fect mixing,  and  for  material  mixed  with  average  thoroughness  this  number  must  be 
small. 

And  in  conclusion  this  paper  further  states  that: 

The  results  of  the  investigations  recorded  in  this  paper  show  how  absolutely  necee- 
sary  it  is  that  ore  samples  should  be  recrushed  after  each  successive  * '  cutting  down, "  so 
that  as  the  sample  diminishes  in  weight  there  may  be  a  nearly  constant  ratio  between 
the  weight  of  the  sample  and  that  of  the  largest  particle  of  ore  contained  therein. 

o  Bninton,  D.  W.,  The  theory  and  practice  of  ore^ampling,  Trans.  Am.  Inst  Hln.  Eng..  1805  vol  2&. 
p.827,  -Tf        »       •-> 
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In  applying  these  principles  to  coal,  slate  and  other  impurities  are 
to  be  considered  as  taking  the  place  of  the  ' 'richest  mineral/'  but, 
as  coal  is  a  low-priced  commodity,  the  cost  of  collecting  and  pre- 
paring samples  must  necessarily  be  correspondingly  small,  making 
the  installation  and  operation  of  elaborate  sampling  plants  prohibitive. 

Though  the  fineness  to  which  the  Bureau  of  Mines  specifies  that 
samples  be  crushed  may  not  be  strictly  in  accordance  with  the 
fineness  that  would  be  necessary  for  theoretically  accurate  reduction 
of  the  samples,  and  as  coal  of  a  definite  physical  character  and 
composition  would  require  special  treatment,  the  fineness  specified 
in  the  table  below,  it  is  beUeved,  will  give  results  that  are  fairly 
representative. 

When  prepared  by  haild  the  pieces  of  coal  and  impurities  should 
be  crushed  to  sizes  not  greater  in  any  dimension  than  the  sizes  indi- 
cated in  the  following  table  before  each  reduction  of  the  sample 
into  two  approximately  equal  parts: 

Size  of  coal  land  qwarUity  required  for  each  reduction. 

Wdgkt  of  wmpU 
L&r^eH  nu  cf  coal  and  impwUUt  oUowiMe  in  tampU  before  division.  to  be  divided, 

pounds. 

One  inch 1,000  or  more. 

Three-quarters  of  an  inch 500 

One-half  inch 250 

Three-eighths  of  an  inch 125 

One-quarter  of  an  inch 60 

Three-sixteenths  of  an  inch,  or  4-mesh  screen 30 

Diagram  shovdng  the  treatment  of  a  lyOOO-pound  sample. 

1,000-pound  gross  sample,  crush  to  1-inch  mesh:  mix  by  coning  and 
long-pile  method;  halve  by  alternate  shovel  method. 


a 

t 


gOQ      500  pounds,  crush  to  f-inch  mesh;  mix  by  coning  and  long-pile 
' '  methoa ;  halve  by  alternate  shovel  melliod. 


250      ^^  pounds,  crush  to  ^inch  mesh;  mix  by  coning  method;  halve  by 
^  quartering  method. 


125      ^^  pounds,  crush  to  |-inch  mesh;  mix  by  rolling  on  blanket;  halve 
' '  by  quartering  metiiod. 


^,      62^  pounds,  crush  to  j^-inch  mesh;  mix  and  halve  by  blanket  and 
^  ^ '  quartering  methoa. 


oil      31i  pounds,  crush  to  ^inch  or  4-me6h;  mix  and  halve  by  blanket 
* ' '  and  quartering  method. 


15| ' '  15f  pounds;  mix  and  halve  by  blanket  and  quartering  method. 


->7f|  pounds. 

Fill  5-pound  container  and  mail  to  laboratory. 


7^1  pounds. 
Till 


5-pound  container 
for  reserve  sample. 
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Care  should  bo  exercised  to  cmsh  finely  pieces  of  foreign  matter 
before  each  reduction  so  that  the  crushed  impurities  can  be  distributed 
through  the  sample,  and  when  crushing  to  keep  pieces  of  slate  and 
other  impurities  from  flying  out  of  the  sample.  In  crushing  the 
coal  on  wood,  brick,  cement,  or  on  floors  of  such  materials,  splinters 
or  small  fragments  may  be  broken  from  the  floor  and  be  mixed 
with  the  sample.  Such  floors,  if  used,  should  be  thoroughly  clean 
and  free  from  cracks.  If  a  sheet-iron  plate  is  used,  it  should  be  free 
from  rust. 

After  each  crushing  the  sample  should  be  thoroughly  mixed  before 
reduction  in  quantity.  The  method  which  gives  generally  satisfac- 
tory results  is  as  follows: 

The  crushed  coal  is  formed  into  a  conical  pile  by  depositing  each 
shovelful  of  coal  on  top  of  the  preceding  one  (see  PL  I,  A,  which 
shows  approximately  1,100  pounds  of  coal  crushed  to  1-inch  mesh 
and  finer,  properly  coned.)  As  the  shovelfuls  are  deposited  the  fiaie 
material  forms  the  apex  of  the  cone,  while  the  coarse  particles  roll 
down  toward  the  base.  By  walking  around  the  cone  and  system- 
atically depositing  shovelfuls  on  the  apex  of  the  cone  from  every 
side,  care  being  taken  to  maintain  the  original  form,  the  sampler  wiU 
properly  distribute  the  fine  and  coarse  coal.  A  new,  long  pile  is  then 
formed  by  taking  a  shovelful  at  a  time  (as  the  sampler  fills  the  shovel 
he  should  walk  aroimd  the  cone,  thus  systematically  removing  the 
coal  from  the  base  of  the  cone)  and  spreading  it  out  in  a  straight 
line  or  ribbon  the  width  of  the  shovel;  the  length  is  5  to  10  feet  for  a 
shovel  holding  about  15  pounds.  Each  new  shovelful  is  spread  over 
the  top  of  the  preceding  one,  beginning  at  opposi^e^nds,  and  so  on 
until  all  the  coal  has  been  formed  '.ato  one  long  pile.  (PI.  I,  5, 
shows  the  coal  of  the  cone  formed  into  a  long  pile.)  The  sample  is 
then  halved  in. quantity  by  shoveling  the  long  pile  to  one  side, 
alternate  shovelfuls  being  discarded  while  the  retained  !iovelfuls 
are  formed  into  a  new  cone.  In  shoveling  the  coal  from  the  long 
pile  the  sampler  takes  the  shovelfuls  of  coal  systematically  aroimd 
the  pile,  advaixping  at  each  shovelful  a  distance  about  equal  to 
the  width  of  the  shovel,  thereby  preserving  the  symmetry  of  the 
form  of  the  pile.  If  the  pile  should  be  reduced  by  shoveling  all  of 
the  coal  from  either  end,  and  if  the  alternate  shovelfuls  discarded 
contained  coal  mainly  from  the  sides  of  the  pile,  the  rejected  half 
of  the  sample  would  contain  a  preponderance  of  coarse  coal,  while 
the  retained  half  would  contain  relatively  too  much  fine  coal.  This 
is  because  the  coarse  coal  rolls  down  the  sides  of  a  pile  or  cone  while 
the  fijie  coal  builds  up,  so  that  the  relative  proportions  of  coarse 
and  fine  coal  in  outer  and  inner  portions  of  the  pile  are  quite  different. 
The  alternate  shovelfuls  of  coal  which  are  retained  are  formed  into 
a  new  cone. 


A.    CRUSHED  GROSS  SAMPLE  IN  CONICAL  PILE. 


p.    CRUSHED  GROSS  SAMPLE  REMIXED  IN  LONG  PILE. 


SAMPLE  QUARTERED. 


DIKECTI0N8  FOB  SAMPUKO.  27 

In  coningy  care  should  be  observed  to  deposit  each  shovelfiil  so  that 
the  center  of  the  cone  as  started  will  not  be  drawn  to  one  side,  for  in 
quartering  a  cone  the  center  of  which  has  been  drawn,  two  opposite 
quarters  will  contain  an  excess  ratio  of  fine  material,  while  the  other 
two  quarters  will  contain  a  deficiency.  This  will  be  apparent  when 
it  is  considered  that  when  a  cone  is  formed,  the  fines  build  up  the 
apex  while  the  coarse  particles  roll  down  the  sides.  In  ore  sampling 
this  may  be  of  especial  importance,  as  the  fines  are  generally  the 
richest  ore,  and  as  a  result  the  metaUic  content  of  the  final  sample 
will  be  more  or  less  than  the  average  of  the  original  pile;  depending 
upon  which  two  quarters  are  retained.  D.  W.  Brunton,  in  a  paper 
entitled  ''Modem  Practice  of  Ore-Sampling,"  <*  shows  by  illustrations 
and  an  example  the  effect  of  ''drawing  the  center."  He  takes  as  an 
example  the  reduction  of  a  2,000-pound  lot  of  ore  to  62^  pounds 
(requiring  quartering  five  times),  and  supposing  that  at  each  stage 
the  sample  taken  represented  98  per  cent  of  the  actual  value  of  the 
cone,  he  shows  that  the  final  sample  would  only  give  90.3  per  cent  of 
the  true  value  of  the  cone. 

After  the  gross  sample  has  been  reduced  by  the  coning,  long-pile, 
and  alternate  shovel  methods  to  approximately  250  poimds,  the 
sample  is  further  reduced  in  quantity  by  the  quartering  method. 
Before  each  quartering,  the  sample  is  thoroughly  mixed  and  made 
into  a  conical  pile,  as  follows: 

Quantities  of  125  to  250  pounds  are  shoveled  into  a  new  conical 
pile  by  depositing  each  shovelful  of  coal  on  top  of  the  preceding  one; 
quantities  less  than  125  pounds  are  placed  on  a  suitable  cloth, 
measuring  about  6  by  8  feet,  and  mixed  by  raising  first  one  end  of 
the  cloth  and  then  the  other,  rolling  the  coal  back  and  forth.  After 
the  coal  is  thoroughly  mixed  it  is  formed  hito  a  conical  pile  by 
gathering  together  the  four  comers  of  the  cloth.  The  conical  pile 
is  quartered  as  follows: 

The  cone  is  flattened,  its  apex  being  vertically  pressed  down  with  a 
shovel  or  a  board,  so  that  each  quarter  contains  the  material  originally 
in  it.  The  flattened  mass,  which  should  be  of  uniform  thickness  and 
diameter,  is  then  marked  off  into  quarters  with  a  board  held  edgewise, 
or  a  piece  of  sheet  iron,  along  two  lines  that  intersect  at  right  angles 
directly  under  the  apex  of  the  original  cone.  The  diagonally  opposite 
quarters  are  shoveled  away  aooid  discarded,  and  the  spaces  which  they 
occupied  brushed  clean  (PL  I,  (7,  shows  the  four  quarters  and  the 
intersecting  lines;  quarters  1  and  3  will  be  rejected).  The  coal 
remaining  is  successively  mixed,  coned,  and  quartered  on  the  canvas 
until  two  opposite  quarters  are  about  equal  to  the  quantity  (approxi- 
mrately  5  poimds)  required  to  fill  the  sample  container  for  shipment 

a  Am.  Inst.  ICiXL  £iig.,  vol.  40,  p.  571,  presented  at  the  Spokane  meeting,  September,  1909. 
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to  the  laboratory.  If  after  two  opposite  quarters  are  placed  in  the 
sampling  container,  it  is  found  that  the  container  is  not  compactly 
filled,  the  other  two  quarters  should  be  mixed,  coned,  flattened,  and 
quartered,  and  the  remaining  space  in  the  container  then  filled  by 
taking  equal  segments  from  opposite  quarters,  using  the  sampling 
scoop  (p.  21).  The  two  rejected  quarters  are  not  thrown  into  the 
discard,  but  are  placed  in  a  sampling  container,  hermetically  sealed, 
and  held  in  reserve  at  the  delivery  point  imtil  report  of  analysis  of 
the  regular  sample  is  received  and  settlement  made  for  the  coal. 

The  operations  and  methods  followed  in  preparing  and  reducing 
the  gross  sample  to  a  quantity  convenient  for  transmittal  to  the 
laboratory  are  diagrammatically  shown  on  page  25.  The  treatment 
of  the  5-poimd  sample  when  it  is  received  by  the  Bureau  of  Mines  is 
diagrammatically  shown  on  pages  34  and  35. 

Accuracy  in  reducing  the  gross  samples  requires  that  the  coal  be 
crushed  as  directed,  thoroughly  and  sjrstematically  mixed,  formed  in 
piles,  and  accurately  divided,  either  by  the  alternate-shovel  method 
or  by  quartering,  so  that  the  rejected  portions  and  the  retained  por- 
tions will  be  uniform  in  character  and  weight.  Thorough  cleanliness 
must  be  maintained  during  the  entire  operation. 

The  method  of  coning  and  quartering  coal  and  the  principles  which 
must  be  recognized  are  in  essential  features  as  given  by  Richards  ^  for 
reducing  ore  samples. . 

Whenever  the  different  increments  of  samples  are  collected  through- 
out some  considerable  period  of  time,  each  increment  may  be  crushed 
as  soon  as  taken,  and  the  pieces  of  coal  and  impurities  may  be  broken 
sufficiently  small  to  permit  two  or  more  reductions  of  tJie  accumu- 
lated samples  before  further  crushing  is  necessary. 

If  dehveries  extend  over  a  considerable  period,  what  would  other- 
wise be  a  gross  sample  may  be  worked  down,  as  it  accumulates,  in 
successive  stages  to  quantities  of  a  size  suitable  for  transmittal  to 
the  laboratory,  and  these  fractional  samples  may  be  analyzed  and  the 
several  analyses  averaged,  or  they  may  later  be  mixed  (at  the  delivery 
point  or  in  the  laboratory  and  reduced  to  one  sample)  and  one  analysis 
made.  In  averaging  analyses  or  in  mixing  the  several  samples, 
weights  should  be  used  in  proportion  to  the  tonnages  that  the  frac- 
tional samples  represent. 

If  the  contract  amounts  to  a  considerable  quantity,  necessitating 
several  samples  in  relatively  short  periods,  the  installation  of  a 
crusher  has  been  found  in  some  cases  expedient  and  economical  for 
reducing  the  gross  samples  to  three-sixteenths  inch  mesh,  or  finer,  and 
in  such  case,  instead  of  the  mixing  and  reducing  being  done  by  hand, 
the  reducing  buckets  or  mixing  and  reducing  machine  shown  in  Plate 
II  are  used.     Even  though  the  contracts  are  relatively  small  and 

a  Richards,  R.  H.,  Ore  dressing,  vol.  2,  p.  844,  and  vol.  3,  pp.  1574-1578. 
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the  samples  are  crushed  by  hand;  the  use  of  the  reducing  bucket  or 
machine  is  recommended.  These  devices  are  generally  used  after  the 
gross  sample  has  been  mixed  and  has  been  reduced  by  the  ''alternate 
shoveP'  and  quartering  method  to  about  60  pounds. 

After  the  gross  sample  has  been  reduced  to  less  than  250  poirnds,  a 
shovel  takes  too  large  a  proportion  of  the  coal,  making  further  reduc- 
tion by  alternate  shovelfuls  imreliable.  The  quartering  method  is 
used  after  the  sample  has  been  reduced  by  alternate  shovels  to 
approximately  250  pounds,  as  the  capacity  of  an  ordinary  shovel  is  out 
of  proportion  to  the  size  of  the  sample.  It  may  prove  desirable  in 
sampling  coal  containing  considerable  quantities  of  free  impurities  of 
imeven  size  to  use  small  shovels  of  10  pounds  and  less  capacity  in 
reducing  the  gross  sample  by  alternate  shovels,  for  as  the  size  of  the 
shovel  is  diminished  the  number  of  fractional  parts  into  which  the 
sample  is  divided  is  increased.  As  the  sample  becomes  smaller, 
greater  precision  in  quartering  is  required,  and,  consequently,  refine- 
ments in  the  manner  of  mixing  and  reducing  should  be  introduced. 
The  use  of  buckets  or  the  machine  makes  thorough  mixing  possible 
and  the  riflSes  insure  accurate  division. 

A  mechanical  crusher  and  mechanical  means  for  preparing  the 
samples  for  transmittal  to  the  laboratory  may  be  installed  and  the 
collection  and  preparation  of  the  sample  can  then  be  made  a  con- 
tinuous and  purely  mechanical  process.  When  mechanical  crushers 
are  used  the  sample  should  be  inspected  before  or  while  being  fed 
to  the  crusher  to  make  certain  that  the  sample  does  not  by  chance 
contain  a  piece  of  iron,  such  as  a  tie  spike  or  some  other  highly  abra- 
sive substance,  accidentally  loaded  with  the  coal  in  the  mine  and 
undetected  in  collecting  the  sample,  otherwise  the  abrasion  of  the  iron 
may  introduce  errors  which  would  alter  appreciably  the  final  results. 

As  it  is  so  important  that  samples  shall  be  carefully  and  system- 
atically prepared  by  a  prearranged  plan,  in  order  that  their  analyses 
will  serve  as  an  equitable  basis  for  the  determination  of  the  price 
to  be  paid  for  coal  purchased  under  the  specification  method,  the 
specifications  used  by  the  Government  give  the  method  of  sampling, 
as  described  above,  in  considerable  detail.  To  assure  its  being 
clearly  imderstood  the  method  of  sampling  specified  in  a  contract 
may  be  illustrated.  The  instructions  which  accompany  the  specifica- 
tions given  on  pages  46  to  58  have  been  illustrated  (PI.  V)  to  show 
the  hand  preparation  of  samples. 

SAMPLING  BUCKETS. 

When  the  sampling  buckets  are  used,  two  similar  ones  are  required. 
About  half  of  the  top  of  each  bucket  is  covered  with  a  riffle.  The 
coal  is  placed  in  one  of  the  buckets,  and  the  projections  aa'  (PI.  II, 
A)  of  the  stiffening  rod  of  this  bucket  are  placed  in  the  notches  W 
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of  the  second  bucket.  The  coal  that  is  poured  from  the  first  bucket 
flows  to  the  riffle  of  the  second  bucket;  every  alternate  section  cut 
out  by  the  riffle  is  discarded  and  the  other  sections  are  caught  in 
the  second  bucket,  thus  halving  the  sample.  The  sample  is  poured 
from  one  bucket  to  the  other  imtil  it  is  reduced  to  about  5  pounds, 
but  the  discarded  5-pound  half  is  placed  in  a  container  and  kept  as 
the  reserve  sample. 

THE  MIXING  AND  REDUCING  MACHINE. 

If  more  thorough  mixing,  than  can  be  done  with  the  buckets  is 
desired,  the  mixing  and  reducing  machine  is  used.  Plate  II,  B,  shows 
the  apron  of  the  cylinder  of  this  machine  open  for  receiving  a  sample. 
After  the  sample  is  poured  in,  the  apron's  position  is  shifted,  a  being 
moved  to  a\  The  cylinder  is  then  closed  and  revolved  counter- 
clockwise. The  closed  sides  of  the  riffles  plow  through  and  thor- 
oughly mix  the  coal,  and  no  coal  can  be  discharged  through  the  riffle 
while  the  cylinder  is  revolved  in  this  direction  if  the  level  of  the  coal 
is  below  the  axis  of  the  cylinder.  After  the  sample  has  been  mixed, 
the  cylinder  is  rotated  one* turn  clockwise;  the  coal  in  the  cylinder  is 
then  cut  by  the  planes  of  the  riffle  and  half  of  it  is  discharged  into  the 
receiving  trsij.  The  coal  remaining  is  again  mixed  by  revolving  the 
cylinder  coimterclockwise.  By  alternately  changing  the  direction  of 
rotation,  the  coal  is  alternately  mixed  and  halved  until  about  10 
poimds  remain  in  the  cylinder.  The  tray  is  then  emptied  of  the  dis- 
carded coal  and  the  10-pound  sample  mixed  and  halved,  and. the 
5-poimd  sample  caught  in  the  tray  is  put  in  a  container  and  becomes 
the  official  sample  while  the  5-pound  sample  remaining  in  the  cylinder 
is  put  in  a  container  and  held  as  the' reserve  sample.  The  interior  of 
the  machine  is  easy  of  access  and  should  be  brushed  clean  after  each 
sample. 

Generally  speaking,  the  use  of  mechanical  means  for  sampling  coal 
and  preparing  samples  gives  more  reliable  and  satisfactory  results 
than  hand  labor,  as  the  personal  equation  is  partly  eliminated. 

OOLLEOnON  OF  SAMPLES  IN  THE  DISTRICT  OF  00LT7HBIA. 

Gross  samples  are  collected  from  deliveries  under  Government 
contracts  in  the  District  of  Columbia  in  accordance  with  the  method 
given  in  the  specifications  and  as  set  forth  in  this  paper.  Instead  of 
the  gross  sample  being  reduced  to  5  pounds,  as  is  necessary  in  the 
case  of  deliveries  elsewhere,  the  sample,  after  it  is  reduced  to  125  to 
250  pounds,  is  placed  in  galvanized-iron  buckets,  each  large  enough 
to  hold  about  70  pounds  of  coal  and  having  a  close-fitting  lid  that  can 
be  locked.  The  locked  buckets  of  coal  are  immediately  delivered 
to  the  crushing  room  in  the  Bureau  of  Mines  building,  where  the 
preparation  of  the  sample  for  the  laboratory  is  continued. 
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THE   SAMPLING  BOOM. 


For  preparing  the  samples  collected  in  Washington,  after  they  have 
been  reduced  at  the  delivery  point  to  125  to  250  pounds,  specially 
designed  machinery  is  installed  in  the  sampling  room  of  the  Bureau 
of  Mines  plant.  The  samples  are  put  through  a  motor-driven  ham- 
mer crusher  which  crushes  the  coal  to  pass  a  -^-inch  mesh  screen. 
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The  Bureau  of  Mines  receives  from  time  to  time  requests  from  dif- 
ferent branches  of  the  Federal  service  for  suggestions  as  to  the  type 
and  design  of  installations  for  crushing  and  reducing  coal  samples. 
Plate  III,  Ay  is  a  view  of  a  simple  coal-sampling  plant  that  is  largely 
used  by  the  Bureau  of  Mines  and  has  been  adopted  by  other  bureaus 
and  estabtishments  of  the  Grovemment.    Figure  1  shows  the  design 
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of  this  plant.  The  riffle  is  constructed  of  channel  irons  and  steel 
plates  bolted  together.  The  plan  and  sections  of  the  riffle  are  shown 
in  working  drawings  constituting  figmre  2.  The  numbers  assigned  to 
the  parts  shown  in  this  figmre  are  also  shown  in  Plate  IV,  A.  A  list 
of  the  parts  used  in  the  riffle,  giving  the  number  of  each  required, 
follows: 

List  of  parts  used  in  riffle  for  reducing  coal  sample. 


Piece 
No.a 


1 
2 
3 
4 
5 
6 
7 
8 


MatM-ial. 


Vrinch  steel  plate 

....do rrrr. 

....do 

i  "inch  channel.  4i  inches  long 

-Inch  steel  rod,  10}  inches  long 

^Inch  channel.  121  indies  long 

-Inch  steel  rod,  1  f  indies  long 

-jnch  by  2-Inch  flat  steel,  2  feet  2  Inches  long. 


Number 
of  pieces 
required. 


9 
4 
2 

12 
4 

12 
1 
2 


a  See  fig.  2  and  PI.  IV,  A . 

The  hopper,  bin,  and  other  parts  through  which  the  coal  is  passed 
are  made  as  dust  proof  as  possible  and  iron  cement  is  used  to  close 
leak^.  However,  more  or  less  free  dust  arises  from  the  crusher.  In 
the  Bureau  of  Mines  sampling  plant  this  dust  is  carried  away  by 
means  of  a  ventilating  system,  there  being  an  exhaust  fan,  driven  by 
a  direct-connected  motor,  in  a  penthouse  on  the  roof  of  the  building. 
Galvanized-iron  ducts  lead  from  the  fan  to  the  laboratory  and  sam- 
pling rooms.  In  the  sampling  rooms,  leading  from  the  main  venti- 
lating duct,  are  branches  connecting  each  bin  and  hopper,  some  with 
hoods  placed,  over  dust-producing  machines.  On  each  one  of  these 
branch  ducts,  as  well  as  on  the  main  ventilating  pipe,  dampers  are 
attached  by  which  the  draught  is  regulated.  The  system  is  very  sat- 
isfactory. It  keeps  the  sampling  rooms  free  from  dust  and  prevents 
any  from  entering  other  parts  of  the  building. 

The  sample  is  received  in  buckets,  each  holding  approximately  70 
pounds  of  coal,  and  the  filled  buckets  are  stored  on  the  platform. 
Each  bucket  of  coal  making  up  the  sample  is  successively  passed 
through  the  motor-driven  crusher,  which  reduces  the  coal  to  ^^-inch 
mesh  and  finer  (practically  all  of  the  coal  will  pass  through  J-inch 
mesh),  and  the  coal  is  halved  by  a  riffle,  one  half  being  deflected  to  a 
bin  for  discarded  coal  and  the  other  half  into  a  bucket.  As  the 
buckets  are  emptied  into  the  crusher,  they  are  available  for  catching 
the  retained  half  from  the  riffle.  Buckets  containing  the  half  of 
the  sample  are  easily  swung  to  the  platform  and  the  sample  is  again 
halved  in  quantity  by  dumping  the  coal  through  the  trapdoor  (shown 
in  fig.  1)  and  repassing  it  over  the  riffles.  Elevating  the  sample  to 
the  platform  and  halving  the  sample  are  repeated  until  the  sample  is 
reduced  to  the  quantity  convenient  for  transmittal  to  the  laboratory. 


A.    COAU»MPLIKG  PLANT. 
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Only  the  relation  of  one  bin  wall  to  the  riffle  is  shown  in  the  drawing; 
the  shape  of  the  bin  can  be  varied  to  suit  the  arrangements  in  the 
building.  If  the  building  in  which  the  installation  is  housed  is  so 
situated  that  a  chute  for  the  discarded  coal  can  lead  directly  into 
a  wagon  body,  car,  or  the  boiler  room,  the  disposal  of  this  coal  will 
be  simplified. 


For  the  inspection  of  the  riffle  and  the  removal  of  matter  clogging 
the  riffle,  a  small  door  is  provided  in  the  main  hopper.  After  each 
crushing  the  hopper  and  riffle  should  be  brushed  clean. 

This  particular  form  of  equipment  was  developed  with  a  view  to 
simplicity  and  cheapness.    By  placing  a  series  of  riffles  one  below 
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the  other,  the  sample  can  be  reduced  to  one-quarter,  one-eighth^ 
one-sixteenth,  etc.,  of  its  original  quantity,  depending  upon  the 
number  of  riffles  installed.  As  more  riffles  are  added,  the  cost  is 
increased  and  the  platform  must  be  raised,  requiring  other  means 
than  hand  labor  for  elevating  the  parts  of  the  samples.  The  Bureau 
of  Mmes  is  experimenting  with  other  devices  and  types  with  a  view 
to  increasing  the  efficiency  of  the  installation  so  that  it  will  accurately 
select  fractional  parts  of  the  gross  sample  with  a  minimum  of 
handling  and  at  a  relatively  low  cost. 

All  samples  are  reduced  to  a  quantity  that  will  nearly  ffll  a  S-poimd 
container.  The  samples  are  then  in  the  same  stage  of  preparation 
as  those  received  from  points  outside  of  Washington,  and  Uke  them 
are  further  prepared  in  the  sampling  room.**  The  methods  of 
preparation  are  diagrammatically  shown  in  the  following: 

Diagrams  showing  treatment  of  the  5-pound  sample  in  the  laboratory. 

METHOD  A. 

5-pound  sample  crushed  by  roU  crusher  to  20-meflli. 


5  pounds,  less  3  ounces. 


3  ounces  immediately  placed  in  rubber- 
stopfiered  bottle  for  total  moisture  de- 
tennination  only. 


Successively  passed  through  riffles  and 
reduced  to  about  6  ounces.  Rejected 
coal  returned  to  the  container  and  held 


as  reserve. 


, ,     6  ounces. 


6  ounces  ground  by  planetary-disk  crusher  to  60  mesh,  passed  through  riffle,  3  ounces 
returned  to  reject  and  3  ounces  placed  in  a  rubber-stoppered  bottle.  (This  is  the 
laboratory  sample  proper.) 


1  gram  (aboi^t 
^  ounce). 


1  gram. 


Igram. 


,,     Igram. 


For  moisture  in 
laboratory  sam- 
ple. 


For  volatile-mat- 
ter determina- 
tion. 


Sulphur  determi- 
nation  by 
Eschka  method. 


For  heating-value 
determination  in 
a  bomb  calorime- 
ter. 


Ash  in  this  1-gram 
sample  deter- 
mined after  the 
moisture  is  de- 
termined. 


Suli)hur  is  deter- 
mined o  n  the 
washings  and 
residue  horn,  thp 
calorimeter  after 
combustion. 


9  The  method  of  preparation  of  the  Ramples  in  the  sampling  room,  with  a  description  of  the  labontory 
methods  and  equipment,  is  given  on  pp.  74  to  91,  Bureau  of  l£ines  Bulletin  41. 
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IHagrami  showing  treatment  of  the  S-pound  sample  in  the  laboratory — Continued. 

METHOD  B. 

5-poimd  sample  dried  in  air-drying  oven  for  ''total  moisture''  determination. 


Crushed  by  rolls  to  20  mesh. 


T 


Reduced  in  quantity  by  riffles  to  8  ounces.    Rejected  coal  returned  to  the  container 

and  held  as  reserve. 


8-ounce  sample  pulverized  to  60  mesh  in  Abbe  ball  mill. 


8-ounce  sample  reduced  in  quantity  by  riffles  to  3  ounces  which  is  placed  in  a  rubber- 
stoppered  oottle  and  becomes  the  laboratory  sample  proper.  Rejected  coal  returned 
to  the  container  and  held  as  reserve. 


3-oimce  laboratory  sample  treated  the  same  as  the  3-ounce  sample  under  method  A^ 

Both  methods  of  procedure  given  above  are  followed  in  the  Bureau 
of  Mines  laboratory  in  Washington,  D.  C,  wherein  the  samples  repre- 
senting Government  coal  deliveries  are  analyzed  and  tested — ^method 
B  being  followed  for  most  anthracite  samples  and  for  any  samples  of 
high-moisture  or  wet  coals,  as  by  this  method  a  more  representative 
jnoisture  value  can  be  obtained  than  by  method  A,  for  in  method  A 
high-moisture  or  wet  coals  unavoidably  lose  more  or  less  moisture  in 
the  crushing  of  the  5-pound  sample.  Method  S,  somewhat  modi- 
fied,<*  is  followed  on  all  samples  in  the  Bureau  of  Mines  laboratory  in 
Pittsbui^h,  Pa.,  which  id  maintained  for  analyzing  and  testing  sam- 
ples necessary  for  the  conducting  of  certain  fuel,  mining,  and  metallur- 
gical investigations  which  the  bureau  is  making. 

SEALma  AND  MAILINa. 

The  final  5-pound  sample  is  immediately  placed  in  the  container 
furnished  by  the  Bureau  of  Mines  and  sealed  air-tight.  The  coal 
should  be  firmly  packed  in  the  container,  so  as  to  occupy  as  much  of 
the  space  as  possible,  as  in  this  way  the  air  is  more  nearly  excluded. 
This  packing  is  best  accomplished  by  having  the  coal  finely  crushed 
in  the  manner  described  in  the  preceding  pages  and  by  shaking  or 
jarring  the  container  repeatedly  and  vigorously  while  filling  it. 

a  Stanton,  F.  M.,  and  Fieldner,  A.  C,  Methods  of  analyzing  coal  and  coke:  Tech.  Paper  8,  Bureau  of 
Mines,  1913,  43  pp. 
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Two  coal-sample  containers  have  been  developed  by  the  Bureau 
of  Mines,  one  a  galvanized  iron  can  and  the  other  a  double  container, 
consisting  of  a  wooden  shipping  box  and  an  inclosed  pressed-paper 
case. 

The  metal  can  is  11  inches  long  and  3^  inches  in  diameter  (inside 
dimensions),  with  a  screw  cap  2  inches  in  diameter.  Its  edges  are 
crimped  and  carefully  soldered,  so  as  to  make  it  air-tight  and  strong. 
The  screw  cap  has  a  washer  of  rubber,  or  other  flexible  material,  to 
exclude  the  air.  As  a  further  protection  and  to  insiu^  tightness, 
the  cap,  when  in  place  and  screwed  down,  is  wrapped  carefully  with 
several  layers  of  adhesive  tape,  the  first  layer  of  which  completely 
covers  the  joint  between  the  lower  edges  of  the  cap  and  the  neck  of 
the  can.  In  Plate  lY,  B,  a  shows  the  first  layer  of  the  tape  being 
forced  down  with  thumb  and  forefinger,  and  6,  the  can  properly 
sealed.  It  is  not  advisable  to  use  solder,  paraffin,  or  sealing  wax 
of  any  kind,  because  some  of  the  material  may  become  mixed  with 
the  coal,  either  when  it  is  appUed  or  when  the  cap  is  removed.  Before 
it  is  filled,  each  can  should  be  carefidly  inspected  as  to  tightness  and 
freedom  from  rust. 

The  capacity  of  the  can  is  2}  to  3  pounds  of  coal,  and  as  the  quan- 
tity required  for  transmittal  to  the  laboratory  is  5  pounds,  two  of 
the  cans  are  used  for  each  sample.  After  the  sample  has  been  reduced 
to  a  quantity  that  will  about  fill  two  cans,  it  should  be  thoroughly 
nuxed  and  divided  into  two  parts  and  one  put  in  each  can.  Bureau 
of  Mines  Form  6-220,  used  for  furnishing  data  concerning  the  sample 
(p.  38)  is  filled  in  for  each  can,  and  the  form  is  placed  (not  pasted) 
around  the  can.  Each  form  shows  the  nimiber  of  the  can  which 
carries  the  other  half  of  the  sample.  As  a  safeguard  against  the  can 
opening  in  transit  and  the  coal  damaging  the  contents  of  a  mail  sack, 
each  can  is  wrapped  with  several  thicknesses  of  heavy  manila  paper. 
An  addressed  franked  wrapper  is  pasted  on  or  tied  aroimd  the 
wrapped  can. 

The  double  container  is  shown  in  Plate  m,  B,  in  which  a  is  the 
pressed  *'damptite"  paper  case,  66'  the  two  sections  of  the  wooden 
box;  c  is  the  container  assembled. 

The  box  is  opened  by  inserting  a  nail,  or  any  pointed  instrument, 
in  the  two  holes  in  opposite  sides  of  the  box  (one  being  shown,  d). 
This  pointed  instrument  should  not  be  inserted  too  far,  as  it  would 
perforate  the  paper  case,  but  only  far  enough  to  release  the  spring 
catches  which  hold  the  two  halves  of  the  box  together,  so  that  the 
upper  half  of  the  box  can  be  lifted  off. 

The  pressed  paper  case  is  5}  inches  total  diameter  and  7  inches  long 
over  all,  and  has  a  capacity  of  5  to  7  pounds  of  coal.  The  shipping 
box  is  made  of  sound,  well-seasoned  basswood,  free  from  knots, 
checks,  and  doaty  places,  and  is  made  strictly  in  accordance  with 
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specificatioDB;  as  r^ards  thickness  of  the  material,  number  of  nails, 
inside  dimensions,  arrangement  of  comers,  catches,  finish,  etc.  The 
comers  are  made  lock-jointed,  each  being  glued  throughout  its  full 
length  by  dipping  the  joints  in  glue  before  assembling.  They  are 
further  reinforced  by  small  finishing  nails  driven  through  the  tenons 
of  each  comer,  so  that  the  box  is  thoroughly  substantial.  One  part 
of  the  box  has  two  comer  blocks  of  specified  dimension  and  form, 
which  are  glued  through  their  length  into  the  comers  of  the  box  and 
riveted.  Two  special  suit-case  catches  are  used,  which  are  placed  on 
the  inside  of  the  box  near  opposite  comers  and  so  situated  that  they 
win  operate  in  either  of  the  two  possible  ways  of  assembling  the 
box.  The  small  holes  are  so  drilled  through  each  side  of  the  box  and 
through  the  small  part  of  the  catch  lug  that  the  catches  are  readily 
released  when  a  pointed  instrument  is  inserted  in  the  holes. 

The  sample  of  coal  is  placed  in  the  paper  case,  and  the  edge  of  the 
cap  is  wrapped  with  electrician  adhesive  tape  so  as  to  seal  the  paper 
case  as  nearly  air-tight  as  possible.  Form  6-220,  properly  filled  in 
with  data  concemiog  the  sample,  is  placed  (not  pasted)  around  the 
case,  and  the  case  is  then  placed  in  the  box  and  the  box  assembled. 
An  addressed  shipping  tag  is  pasted  or  tacked  onto  the  box. 

The  blank  form  referred  to  is  in  two  sections — an  original  and  a 
duplicate.  The  original  form  accompanies  the  sample,  furnishes 
the  bureau  complete  information  as  to  the  sample,  and  becomes  the 
bureau's  permanent  record.  The  duplicate  is  used  as  a  file  copy 
for  the  office  submitting  the  sample. 

Special  attention  should  be  given  to  filling  out  the  form  and 
promptly  forwarding  the  sample.  Failure  to  fill  out  the  form 
properly  or  to  place  it  around  the  container  may  cause  indefinite 
delay  in  making  the  analysis  of  a  sample  and  in  reporting  the  results. 

A  letter  should  be  written  informing  the  bureau  that  a  sample  or 
samples  (container  numbers  stated)  have  been  forwarded.  As  the 
toimage  on  many  orders  or  deliveries  during  a  month  may  be  consid- 
erable, and  as  samples  may  be  submitted  from  time  to  time,  unless  the 
bureau  is  informed  it  has  no  knowledge  whether  all  samples  have 
been  received  to  represent  the  tonnage,  nor  has  it  any  intimation  as 
to  which  is  the  first  or  last  sample,  although  this  information  is 
necessary  to  insure  prompt  reports.  To  furnish  the  necessary 
information,  it  should  be  stated  in  the  letter,  as  follows: 

This  is  the  first  and  only  sample  which  will  be  submitted  on  order  No. ,  or  of 

the  deliveries  during  the  month  of . 

Or, 

This  sample  is  the (give  number)  one  submitted  on  order  No. ,  or  of  the 

detiveries  during  the  month  of ,  and  other  samples  on  this  order  or  month's 

delivery  will  be  submitted. 


38  METHODS  OF  SAMPUNG  DELIVERED  COAL. 

Or, 

Thifl  is  the  last  sample  on  order  No. ,  or  of  the  deliverieB  during  the 

month  of ,  and  is  to  be  considered  with  samples  submitted  in  containers 

numbered . 

If  a  sample  is  submitted  representing  coal  from  a  mine  or  from  a 
source  other  than  that  specified  in  the  contract^  the  letter  transmitting 
the  sample  should  so  state,  in  order  that  the  records  of  the  Bureau  of 
Mines  will  be  complete. 

A  copy  of  the  front  and  reverse  sides  of  the  two  sections  comprising 
the  form  mentioned  above  are  herewith  given. 

[Origiiial,  front.] 
•*S30  DEPABTICENT  OF  THE  INTEBIOB. 

BUBBAU  OF  MINES. 

Coal  delivered  to 

(iDStltiition.    If  ship  or  barge,  state  where  loaded.) 

Container  number Sample  number 

(Serial  number  of  instltatian  mafling  sample.) 

Name  of  contractor 

Coal,  kind  and  aize 

Number  of  tons  represented  by  this  container 

Date  of  delivery Date  o£  mailing  sample 

Contract  number Order  number . 

Is  this  the  only  sample  on  this  order  or  month's  delivery? 

(Answer  yes  or  no.) 

If  not,  IB  this  the  first,  second,  etc.,  or  last  sample? 

If  this  is  the  last  of  several  samples,  state  total  tonnage  delivered  under  this  order 

or  month's  delivery tons. 

Original.  (Signed) 

[OrigfaiBl,  back.) 
8n<3K}E8TION8  AS  TO  FILLINO   AND  SBALINa  GONTAINEBS. 

The  coal  sample  should  be  firmly  packed  in  the  container  so  as  to  occupy  as  much 
of  the  space  as  possible,  since  in  this  way  the  air  is  more  nearly  excluded.  To  insure 
the  tightness  of  the  container,  the  cap  when  in  place  should  be  wrapped  carefully 
with  several  layers  of  adhesive  tape,  the  first  layer  of  which  should  completely  cover, 
the  joint  between  the  lower  edge  of  the  cap  and  the  neck  of  the  container.  It  is  not 
advisable  to  use  solder,  paraffin,  or  sealing  wax  of  any  kind,  because  some  of  the  mate- 
rial may  be  mixed  with  the  coal  either  when  the  material  is  applied  or  when  the  cap 
is  removed.  Before  being  filled  each  container  should  be  carefuUy  inspected  as  to 
tightness  and  freedom  from  foreign  matter.  Any  containers  rendered  defective 
in  transit  should  be  returned  empty.  The  Bureau  of  Mines  wlU  furnish  a  supply 
of  containers  and  of  this  form  on  request 
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[For  Instnicticos  u  to  ine  of  this  fcvmp  aee  bifltniotioiis  on  b^ 

[DupUoate,  front] 

6-390  DEPABTinSNT  OF  THE  INTBBIOB. 

BUREAU  OF  MINBS. 

Coal  delivered  to 

(Institiition.   It  ship  or  baiige,  state  whero  loaded.) 

Coiitainer  number Sample  number 

(Serial  number  of  Institation  mafling  aanqile.) 

Name  of  contractor 

Coal,  kind  and  size 

Number  of  tons  represented  by  this  container 

Dates  of  delivery Date  of  mailing  sample 

Contract  number *. Order  number 

Is  this  the  only  sample  on  this  order  or  month's  delivery? 

(Answer  yes  or  no.) 

If  not,  is  this  the  first,  second,  etc.,  or  last  sample? 

If  this  is  the  last  of  several  samples,  state  total  tonnage  delivered  under  this  order  or 

month's  delivery tons. 

Duplicate.  (Signed) 

[Duplicate,  back.] 
INSTBUOTIONS   AS  TO  THE  USE  OF  THIS  FOBM. 

Fill  out  this  form  for  each  sample  of  coal  forwarded  to  the  Bureau  of  Mines.  The 
office  filling  out  the  form  is  to  retain  the  duplieaU  copy.  The  original  must  be  placed 
around  the  container  (but  not  pasted  to  the  container;  it  may  be  held  in  place  by  a 
rubber  band)  in  such  a  manner  that  the  sample  and  the  information  regarding  it  can 
not  be  separated  in  mailing.  This'  tomn.  must  be  properly  filled  out  and  forwarded 
in  order  to  expedite  testing  and  reporting.  A  letter  should  be  written  informing  the 
bureau  that  sample  or  samples  (giving  container  numbers)  have  been  forwarded. 
The  receipt  of  the  sample  will  be  immediately  acknowledged. 

[For  soggsstlons  as  to  fUling  and  sealing  containers,  see  back  of  attached  (original)  section.] 

BBPOBTINa  ANALYSES. 

The  analyses  and  tests  of  samples  are  reported  by  the  laboratory  to 
the  fuel-inspection  section,  where  the  record  of  the  samples  is  kept. 
The  laboratory  receives  the  samples  with  an  identification  number 
only,  which  is  given  the  sample  when  the  sample  is  received  from  the 
mail,  and  the  laboratory  reports  the  analysis  and  test  by  number 
only.  If  a  report  is  to  be  based  on  the  analyses  of  two  or  more  sam- 
ples, the  analyses  are  averaged,  each  analysis  being  given  a  weight 
according  to  the  proportion  of  the  total  tonnage  which  it  represented. 
The  results  are  then  reported  in  tripUcate  on  the  following  letter 
form  to  the  branch  of  the  service  submitting  the  sample  or  samples, 
which  in  turn  furnishes  the  contractor  one  of  the  copies: 
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DEPABTMEXT  OF  THE   INTEBIOB. 


BUREAU  OF  MINES. 


WastdngUm,  D.  C, 

Sir:  In  reference  to  the tons  of 

coal  delivered  on  yo\ir  contract  No and  your  order 

No to  the 

,191    ,by 

The  analyaiB  of  the  samples  of  coal  received  by  the  Bureau  of  Mines  was  as  follows: 


As  received. 

Dry  coal. 

Moisture 

• 

Volatile  matter 

Fixed  carbon 

Ash 

Total 

Sulohur 

Britiflh  thennal  iiTiita,   _ , 

This  information  is  for  the  use  of  the  Oovemment  and  the  dealer  or  operator  furnishing  the  ooal.    It  i 
confidential  until  it  is  published  by  the  United  States  Govenunent. 


Remarks: 
Certified: 


Respectfully, 


Engineer  in  charge  Fuel  Inspection. 

COAL  SPECIFICATIONS  AND  PROPOSALS. 


DvredoT. 


There  are  given  in  the  following  pages  coal  specifications  and  pro- 
posals typical  of  those  in  use  by  the  Government  for  the  purchase  of 
coal  Tinder  specifications  based  on  the  heating  value,  the  content  of 
ash  and  of  moisture,  ^and  other  considerations. 

The  method  for  sampUng  ^  is  not  printed  as  an  integral  part  of  the 
specifications,  but  as  a  separate  appendix.  It  is  published  in  a  larger 
edition  than  the  specifications,  so  that  all  officials  charged  with  the 
duty  of  collecting  samples  may  be  suppUed  with  copies. 

Two  classifications  of  the  coal  purchased-  are  made,  namely,  (a) 
coal  for  steam  power  and  heating  plants,  which  include  bituminous 
(semibituminous,  subbitiiminous,  lignite)  and  the  small  sizes  of 
anthracite  (pea  and  buckwheat),  and  (b)  the  large  sizes  of  anthracite 
(broken,  egg,  chestnut,  and  stove),  which  are  used  in  small  house- 
heating  furnaces  and  stoves  for  heating  and  domestic  uses. 

The  purpose  of  the  specifications  is  to  clearly  set  forth  the  char- 
acter and  quality  of  coal  desired,  to  obtain  bids  which  fully  specify 

a  The  Oovemment  method  of  sampling  ooal  is  quite  simihir  to  the  tentative  standard  method  of  the 
American  Society  for  Testhi;  liaterials  (Am.  Soc.  Testing  Uaterials:  Yearbook,  1916,  p.  591). 
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the  coal  offered,  the  values  offered  in  the  case  of  power  and  heating 
coals  by  the  successful  bidder  becoming  a  part  of  the  contract,  to 
furnish  means  whereby  the  Government  may  be  assured  of  receiving 
the  coal  contracted  for,  providing  for  a  definite  procedure  for 
determining  equitable  settlement  for  coals  differing  in  character  and 
quaUty,  and  to  include  concise  statements  of  the  necessary  legal 
phases,  etc.,  all  with  the  view  that  the  specifications  and  proposal 
signed  by  the  successful  bidder  may  become  a  contract  which  will 
work  to  the  advantage  and  justice  of  both  the  Government  and  the 
contractor. 

Attention  is  especially  directed  to  instructions  for  sampling  given 
in  the  specifications  which  become  a  part  of  the  contract.  Prior  to 
the  fiscal  year  1912-13  the  method  of  sampling  was  given  scant 
mention,  leaving  one  of  the  most  important  features  determining  the 
successful  and  satisfactory  application  of  the  specification  method 
of  the  purchase  of  coal  almost  whoUy  in  the  hands  of  the  purchaser, 
the  seller  having  Uttle  or  no  means  whereby  he  could  exercise  a  con- 
trol of  the  manner  and  method  of  collecting  and  preparing  samples 
that  should  represent  the  coal  furnished.  It  is  as  essential  that  an 
established  and  an  agreed-upon  method  of  sampling  be  followed,  as 
it  is  that  the  sample  be  analyzed  by  a  reputable  laboratory;  in  fact, 
the  sampling  is  of  first  consequence,  for  if  a  sample  is  haphazardly 
taken  and  carelessly  reduced  to  a  quantity  convenient  for  trans- 
mittal to  the  laboratory,  and  hence  is  nonrepresentative,  it  is  usually 
impossible  or  impracticable  to  get  another  sample;  whereas  if  the 
analysis  and  test  of  a  representative  sample  are  in  error,  the  remain- 
ing part  of  the  sample  can  be  analyzed  and  tested,  by  another  labo-c 
ratory  if  desired.  Unwarranted  corrections  in  price  and  resulting 
injustice  and  hardship  to  the  buyer  or  seller  may  easily  and  unin- 
tentionally occur  through  lack  of  perception  of  the  relative  impor- 
tance of  sampling  and  the  observance  of  proper  methods  of  collecting 
and  preparing  samples.  By  clearly  setting  forth  the  method  of 
sampling  as  a  part  of  the  contract,  the  seller  or  the  buyer  has  some- 
thing tangible  on  which  to  base  legitimate  complaints  if  samples  are 
not  properly  collected  and  prepared.  Such  is  the  purpose  of  putting 
in  the  Government  specifications  the  method  of  sampling  in  some 
detail. 

As  the  specifications  given  herein  are  so  general,  applying  generally 
to  all  coals  purchased  by  the  Government  under  every  condition  of 
dehvery,  it  i3  impossible  to  state  therein  more  specific  directions  for 
sampling,  but  for  any  particular  conditions  of  dehvery  more  definite 
directions  can  be  prepared  and  proper  consideration  for  the  character 
of  the  coal  given.  By  observance,  however,  of  the  general  directions 
for  sampling,  which  are  given  in  the  specifications  that  follow,  samples 
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that  are  fairly  ropresontative  of  the  coal  sampled  can  be  obtained 
without  difficulty. 

Though  a  contract  may  be  let  under  the  specification  basis,  the 
sampling  of  small  orders  of,  say,  50  tons  or  less,  may  be  discretionary 
with  the  Government,  a  provision  to  this  effect  appearing  in  the 
contract.  If  samples  are  not  taken  the  bid  price  per  ton  is  paid. 
This  discretionary  right  of  sampling  small  orders  or  tonnages  makes 
it  unnecessary  to  sample  small  deliveries  under  one  large  general 
contract  of  from  a  half  to  a  few  tons  to  small  launches  or  boats,  or  to 
different  quarters  or  buildings  where  f aciUties  for  sampling  or  storing 
accumulated  samples  are  not  at  hand.  It  is  obvious  that  the  expense 
of  collecting  and  preparing  a  sample  to  represent  such  small  tonnages, 
together  with  the  cost  of  analysis,  would  make  the  unit  cost  per  ton 
ordinarily  prohibitive  and  disadvantageous. 

Under  "Price  and  Payment*'  for  bituminous  coal  (p.  51),  2  per 
cent  variation  from  the  guaranteed  standard  of  British  thermal  units 
(B.  t.  u.)  is  allowed  before  price  corrections.  On  14,000  B.  t.  u., 
"dry  coal,"  this  means  that  there  is  no  price  correction  for  delivered 
coal  of  an  apparent  heating  value  as  reported  by  the  laboratory 
between  13,720  and  14,280.  This  is  allowed  to  provide  (a)  for  the 
reasonable  variations  that,  it  is  recognized,  may  be  obtained  with  the 
same  5-poxmd  sample  in  two  different  determinations  in  the  same 
laboratory,  (5)  for  variations  that  result  in  preparing  and  reducing 
the  gross  sample  to  a  quantity  convenient  for  transmittal  to  the 
laboratory,  (c)  for  variations  due  to  the  collection  of  gross  samples 
as  representing  the  coal  sampled,  and  {d)  for  allowing  the  contractor 
latitude  in  the  preparation  of  the  coal,  as  it  is  recognized  that  the 
quality  of  his  coal  expressed  in  terms  of  ash  and  B.  t.  u.  can  not  be 
controlled  within  strictly  narrow  limits. 

In  interpreting  a  heating  value  determination,  then,  the  value 
reported  by  the  laboratory  must  be  con^dered  as  the  apparent  value 
of  the  coal  sampled,  as  the  actual  value  of  the  coal  may  have  been 
more  or  less  than  the  apparent  value  because  of  the  variations  above 
cited.  If  the  reported  value  differs  by  more  than  2  per  cent  from  the 
guaranteed  standard,  the  result  is  considered  as  evidence  that  coal  of 
a  quality  other  than  that  contracted  for  was  delivered  and  the  price 
is  corrected  accordingly.  If  a  number  of  gross  samples  are  taken  to 
represent  a  total  quantity  of  coal  delivered,  and  a  report  is  obtained 
by  averaging  the  several  analyses  and  tests,  the  apparent  value 
reported  by  the  laboratory  may  be  within  1  per  cent  or  less  of  the 
actual  value  of  the  entire  quantity,  but  in  specifications  as  general  as 
those  given  herein  a  2  per  cent  variation  from  the  standard  is  considered 
more  equitable  and  will  eliminate  frequent  and  unwarranted  price 
corrections,  especially  if  payment  for  a  delivery  or  order  is  based  on 
a  single  determination.    In  the  sampling  of  cargo  shipments  to  the 
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Isthmus  of  Panama  (p.  19)  the  reported  results  between  two  separate 
and  independent  series  of  samples  representing  the  same  cargo  agree 
on  an  average  within  less  than  50  B.  t.  u.  The  samples  are  collected 
by  experienced  collectors  and  prepared  very  systematically,  and  the 
reported  results  for  a  cargo  are  determined  by  averaging  a  number  of 
analyses.  With  such  sampling  the  variations  above  enumerated  are 
largely  averaged  and  eliminated,  and  the  variation  that  may  be 
allowed  before  price  corrections  may,  xmder  such  conditions,  be 
reduced  to  1  per  cent  or  even  less. 

It  is  not  the  intent  of  the  specifications  continually  to  make  correc- 
tions in  price  for  slight  variations  of  the  actual  heating  value  from  the 
guaranteed  standard,  and  it  is  desired  to  eliminate  corrections  which 
are  unwarranted  because  of  the  difference  between  the  reported 
apparent  heating  value  and  the  actual  heating  value,  the  first  purpose 
of  the  specifications  being  to  insure  that  the  Government  is  receiving 
coal  similar  within  reasonable  limits  to  the  standard  of  the  contract. 

The  power  and  heating  plant  specifications  require  the  bidder  to 
specify  the  quality  of  coal  offered  in  terms  of  moisture,  *'as  received," 
ash,  sulphur,  volatile  matter,  and  B.  t.  u.,  *'dry  coal;*'  these  values 
becoming  the  standards  of  the  contract  to  determine  rejectable  coal 
and  the  price  to  be  paid  for  delivered  coal.  Bidders  have  m  some 
cases  specified  a  higher  B.  t.  u.  value  and  a  lower  ash  content  than  the 
quality  of  the  coal  warranted,  upon  the  theory  that  the  high  B.  t.  u. 
and  low  ash  values  would  give  them  an  advantage  in  the  comparison 
of  bids.  The  bid  price  may  be  correspondingly  higher,  the  bidder 
presumably  expecting  a  deduction  to  be  made  and  to  receive  a  price 
on  his  delivered  coal  lower  than  the  bid  price.  The  apparent  price 
may  be,  therefore,  higher  than  the  actual  price  received,  and  use  may 
be  made  of  the  apparent  price  for  advertising  puri>oses.  Bidders  are 
cautioned  against  oflfering  higher  standards  than  can  be  maintained 
on  an  average,  for  to  do  so  may  result  in  the  bid  being  rejected 
(see  sec.  8,  p.  47,  of  the  specifications),  or  may  result  in  excessive 
penalties,'  the  purchase  of  coal  in  the  open  market,  the  difference  in 
cost  of  coal  so  purchased  being  charged  against  the  contractor,  or 
may  lead  to  the  cancellation  of  the  contract  (see  sec.  30,  p.  50). 

By  reference  to  the  specifications  for  anthracite,  broken,  egg,  stove, 
and  chestnut  sizes,  it  will  be  noted  that  bidders  are  not  required 
to  specify  the  quality  of  the  coal  in  terms  of  ash,  B.  t.  u.,  moisture, 
sulphur,  and  volatile  matter,  and  that  regular  and  systematic  sam- 
pling of  all  deliveries  is  not  required  to  determine  the  price  to  be  paid 
for  each  and  every  delivery.  The  specifications  provide,  however, 
for  the  sampling  of  coal  that  proves  unsatisfactory  because  of  exces- 
sive ash  or  clinkering  and  for  price  corrections  if  the  ash  as  shown 
by  analysis  is  in  excess  of  a  permitted  variation  from  the  standard 


44  METHODS   OP   SAMPLING   DELIVERED   COAL. 

for  the  particular  size  of  coal;  these  standards  being  determined  from 
hundreds  of  ash  determinations  made  during  a  period  of  six  years. 
B.  t.  u.  standards  are  not  used,  as  it  has  been  determined  that  the 
heating  value  for  the  different  sizes  is,  in  the  main,  a  function  of  the 
ash  content,  varying  inversely  and  in  proportion  with  the  ash;  that 
is  to  say,  if  the  ash  content  is  increased,  for  example,  1  per  cent,  the 
heating  value  is  decreased  1  per  cent. 

Because  of  economic  considerations  and  the  physical  character  of 
anthracite,  the  specifications  used  for  bituminous  and  the  small  sizes 
of  anthracite  coal  requiring  sampling  are  not  adapted  for  the  purchase 
of  the  large  sizes  of  anthracite.  Most  of  the  Government  contracts 
for  these  sizes  are  for  relatively  small  yearly  tonnages  with  deliveries 
of  J  ton  to  50  tons,  but  seldom  more  to  a  building.  To  collect  regu- 
larly samples  from  such  small  deliveries  would  make  the  unit  cost  per 
ton  of  sampling  prohibitive,  the  cost  being  generally  greater  than  any 
probable  saving.  To  obtain  samples  that  would  fairly  represent  the 
quality  of  these  coals  would  require  collecting  samples  of  1,000  to 
1,500  poimds,  or  more,  and  to  obtain  a  final  sample  for  analysis  that 
would  represent  the  gross  sample  within  reasonable  limits  would 
require  crushing  and  recrushing  the  gross  sample,  thereby  perhaps 
destroying  the  value  of  the  gross  sample  for  use  in  a  house-heating 
furnace  or  stove,  and  lai^ely  wasting  it,  unless  a  Government  steam- 
power  plant  were  available  in  which  it  could  be  advantageously 
burned.  The  total  or  partial  loss  in  value  of  1,000  or  1,500  pounds 
of  coal  at  $5  to  $10  per  ton  from  a  small  delivery  is  manifestly  a  matter 
deserving  consideration.  Owing  to  the  hardness  and  brittleness  of 
anthracite,  the  crushing  of  a  gross  sample  by  hand  is  difficult  and 
tedious  and  requires  hours  of  labor;  in  fact,  a  mechanical  means  of 
crushing  is  almost  absolutely  necessary,  but  the  cost  of  the  necessary 
equipment  would  prove  prohibitive  in  the  case  of  small  contracts. 

Because  of  the  above  facts,  as  well  as  the  manner  in  which  anthra- 
cite is  prepared  at  the  coUiery  and  the  small  area  of  the  Pennsylvania 
anthracite  fields,  and  because  of  other  considerations,  the  Govern- 
ment does  not  consider  the  application  of  the  specifications  which 
are  adapted  for  bituminous  coal  generally  suitable  for  the  purchase 
of  the  large  sizes  of  anthracite.  The  specifications  that  arelised 
provide  for  the  acceptance  and  use  of  coal  and  payment  at  contract 
price  so  long  as  no  difficulty  is  experienced,  and  the  collection  of 
samples  is  necessary  only  as  set  forth  in  the  specifications. 

Anthracite  is  graded  into  sizes  before  shipment,  and  each  grade 
commands  a  certain  price.  The  size  of  the  openings  in  screens  and 
the  types  of  screens  used  in  preparing  the  sizes  may  vary  slightly; 
however,  the  following  table  indicates  the  commercial  sizes  of 
anthracite: 
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Sizes  of  antkracite. 


SiSQB. 


Broken  (fnrxuioe) 

Egg 

Stove 

Nut  (diestnat) 

Pea 

Buckwheat  No.  1 

Buckwheat  No.  2,  or  rioe. .. . 
Budnrheat  No.  3,  or  barley. 


Prepared  with  square- 
mesh  screens. 


Through 
meshes 
havhig 

openhig 
of— 


IwAea. 


4 

21 
2 

If 
f 

i 


Over 
meshes 
haying 
opening 

of— 


Inches. 


21 

2 

1 


Prepared  with  round- 
mesh  screens. 


Throu^ 
meshes 
having 

diameter 
of— 


Ineke*. 

3i 

2i 

U 

I 

A 
A 


Over 

meshes 

having 

dluneter 

of— 


Inches, 


3i 

at 

Ih 
I 

A 
A 
A 
A 


SPBdFICATIONS   AND   PEOPOSALS   FOB   BITUlflNOUS 

AND  ANTHBACITE  COAL. 

(Offloe  issnliig  the  proposals.) 

(Plioe.) 

(Date.) 

.     I.  PBOPOSALS. 

Bate  to  be  de-     1.  Sealed  propoealB,  in  duplicate,  on  blank  fonns  supplied  by  the 

y  to  furnish  such  quantities  of  coal  as  specified 

herein  as  may  be  required  for  use  of  the ,  f or  the 

fiscal  year  ending  June  30, 191 . . ,  will  be  received  until  2  o'clock  p.  m., 

,  at  the  office  of  the ,  and 

then  opened. 

Bidder  may  be    2.  Each  bidder  shall  have  the  right  to  be  present,  either  in  person 
***"*'*  or  by  attorney,  when  the  bids  are  opened. 

Address  of  pro-     3.  Proposals,  in  duplicate,  must  be  forwarded  to  the 

**"*^'  ,  postage  prepaid.    Addressed  envelope  for  mailing 

is  inclosed  herewith. 
Form  and  signa-  4.  Proposals  must  be  made  in  duplicate  on  the  form  given  herein, 
and  must  be  signed  by  the  individual,  partnership,  or  corporation 
making  the  same;  when  made  by  a  partnership, the  name  of  each 
partner  must  be  signed.  If  made  by  a  corporation,  proposals  must  be 
signed  by  the  officer  thereof  authorized  to  bind  it  by  contract,  and  be 
accompanied  by  a  copy,  under  seal,  of  his  authority  to  sign. 

ObA  or  certl-     5.  The  proposals  must  be  accompanied  by  cash  or  by  certified  check 

drawn  payable  to  the  order  of  the ,  in  the  amount 

equal  to  2  per  cent  of  the  estimated  amount  involved  for  the  fuel  for 
which  bids  are  submitted,  the  minimum  amount  in  any  case  to  be  $10. 
This  requirement  is  solely  to  guarantee,  if  the  award  is  made  on  the 
proposal,  that  within  10  days  after  notice  is  given  that  an  award  has 
been  made,  the  bidder  will  enter  into  a  contract  in  accordance  with 
the  terms  of  the  proposal  and  execute  a  bond  for  the  faithful  perform- 
ance thereof,  with  good  and  sufficient  sureties  as  hereinafter  required. 
In  the  event  of  the  failure  of  the  bidder  to  enter  into  contract  or  execute 
bond,  the  cash  or  check  guaranty  will  be  forfeited. 

U.  CONTBACTOB'S  BOND. 

Sureties.  6.  Each  contractor  shall  be  required  to  give  a  bond,  with  two  or  more 

individual  sureties  or  one  corporate  surety  duly  qualified  under  the 
act  of  Congress  approved  August  13,  1894,  in  which  the  contractor  and 
the  sureties  shall  covenant  and  agree  that,  in  case  the  said  contractor 
shall  fail  to  do  or  perform  any  or  all  of  the  covenants,  stipulations,  and 
agreements  of  said  contract  on  the  part  of  the  said  contractor  to  be  per- 
formed as  therein  set  forth,  the  said  contractor  and  his  sureties  shall 
forfeit  and  pay  to  the  United  States  of  America  any  and  all  damages 
sustained  by  the  United  States  by  reason  of  any  f  ailiure  of  the  contractor 
fully  and  faithfully  to  keep  and  perform  the  terms  and  conditions  of 
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his  contract,  to  be  recovered  in  an  action  at  law  in  the  name  of  the 
United  States  in  any  proper  court  of  competent  jniisdiction.  Such 
furetieB  (except  corporate  suretiee)  shall  justify  their  responsibility  by 
affidavit  showing  that  they  severally  own  and  possess  property  of  the 
clear  value  in  the  aggregate  of  double  the  amount  of  the  above-men- 
tioned forfeiture  over  and  above  all  debts  and  liabilities  and  all  prop- 
erty by  law  exempt  from  execution;  the  affidavit  shall  be  sworn  to 
before  a  judge  or  a  clerk  of  a  court  of  record  or  a  United  States  attorney, 
who  must  certify  of  his  own  personal  knowledge  that  the  sureties  are 
sufficient  to  pay  the  full  penalty  of  the  bond. 

7.  If  the  estimated  amount  involved  in  the  contract  does  not  exceed  liay  be  waiyed. 
the  sum  of  $200,  then  the  bond  may  be  waived  with  the  consent  of  the 
department  involved. 

m.  BBSEBVATIONS. 

8.  The  right  is  reserved  by  the  Government  to  reject  any  and  all  bids    Jt  •  j  •  o  t  i  o  n  of 
and  to  waive  technical  defects.    Bidders  are  cautioned  against  guar- 
anteeing higher  standards  of  quality  than  can  be  Tnaintained  in  deliv- 
ered coal  (this  applies  especially  to  bituminous  coal  and  the  steam 

sizes  of  anthracite),  as  the  Government  reserves  the  right  to  reject  any 
and  all  bids,  if  the  Government  has  information  regarding  analyses  and 
test  results  that  indicate  that  higher  standards  have  been  offered  than 
probably  can  be  maintained. 

9.  The  right  shall  be  reserved  by  the  Government  to  purchase  for    Tots. 
the  purpose  of  making  boiler  tests  other  coal  than  that  herein  con- 
tracted for,  provided  the  amount  so  purchased  shall  not  exceed  10  per 
cent  of  the  estimated  consumption  during  the  period  covered  by  this 
agreement. 

10.  If  it  should  appear  to  be  to  the  best  interests  of  the  Government  Lowest  bids 
to  do  so,  the  right  is  reserved  to  award  the  contract  for  supplying  coal  dd2«d?*  ^'^"*" 
at  a  price  higher  than  that  named  in  a  lower  bid,  or  in  lower  bids. 

11.  II  the  bidder  to  whom  the  award  is  made  shall  fail  to  enter  into  Faflure  to  con- 
a  contract  as  herein  provided,  then  the  award  may  be  annuUed  and 

the  contract  let  to  th^  next  most  desirable  bidder  without  further 
advertisement,  and  such  bidder  shall  be  required  to  fulfill  every  stipu- 
lation expressed  herein,  as  if  he  were  the  original  party  to  whom  the 
contract  was  awarded;  provided,  however,  that  such  bidder  is  notified 
of  said  award  within  60  days  after  the  date  on  which  the  bids  on  this 
contract  were  opened.  If  such  notice  should  not  be  given  within  said 
60  days,  then  the  acceptance  of  the  award  will  be  optional  with  the 
said  bidder. 

12.  No  contract  can  be  lawfully  transferred  or  assigned.  Contracts  non- 
13.  No  proposal  will  be  considered  from  any  person,  firm,  or  corpora-  Detoult. 

tion  in  default  of  the  performance  of  any  contract  or  agreement  made 
with  the  United  States,  or  conclusively  shown  to  have  failed  to 
perform  satisfactorily  such  contract  or  agreement. 

rV.  QUANTITY. 

14.  The  estimated  quantity  of  coal  in   tons  of  2,000 

pounds  to  be  purchased  is  based  upon  the  previous  annual  consump- 
tion, but  the  right  will  be  reserved  to  order  a  greater  or  less  quantity, 
subject  to  the  actual  requirements  of  the  service. 
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V.  DEUVEBY.  ' 

Quantity,  time,     15.  The  coal  shall  be  delivered  in  such  quantities  at  such  times  as 
the  Government  may  direct.    (Place  of  dehvery  to  be  stated.) 

Rapidity.  16.  All  the  available  storage  capacity  of  the  Government  coal  bunkers 

shall  be  placed  at  the  disposal  of  the  contractor  to  facilitate  delivery 
of  coal  under  favorable  conditions.  When  an  order  is  issued  for  coal, 
the  contractor  upon  commencing  a  delivery  on  that  order  shall  continue 
the  delivery  with  such  rapidity  as  not  to  waste  unduly  the  services  of 
the  Government  inspector. 
Failun  to  de-  17.  After  verbal  or  written  notice  shall  have  been  given  to  deliver  coal 
under  this  contract  a  second  notice  may  be  served  in  writing  upon  the 
contractor  to  make  delivery  of  the  coal  so  ordered  within  a  reasonable 
time,  to  be  determined  by  the  Government  official  in  charge,  after 
receipt  of  said  second  notice.  Should  the  contractor  for  any  reason  fail 
to  comply  with  the  second  request,  the  Government  shall  be  at  liberty 
to  buy  coal  independent  of  this  contract,  and  for  coal  so  purchased  to 
charge  against  the  contractor  and  his  sureties  any  excess  in  price  over 
the  price  which  would  have  been  paid  to  the  contractor  had  the  coal 
been  delivered  by  him. 

HouiB.  18.  The  contractor  shall  be  allowed  to  deliver  coal  during  the  usual 

hours  of  teaming — ^that  is,  between  8  a.  m.  and  5  p.  m. 

Weighing.  19.  (To  be  stated  by  whom  and  where  the  coal  shall  be  weighed,  etc.) 

VI.  SAKPLINa. 

Contractor     20.  The  contractor  shall  have  the  privilege  of  having  a  representa- 
presenf.  tive  present  to  witness  the  collection  and  preparation  of  the  samples  to 

be  forwarded  to  the  laboratory. 
Kethod.  21.  The  samples  shall  be  collected  and  prepared  in  accordance  with 

the  method  given  in  Appendix  A,  attached  hereto  as  a  part  of  these 

specifications  and  proposals. 

Vn.  ANALYSES. 

^^™*°^*"**  22.  The  samples  shall  be  immediately  f(»warded  to  the  Bureau  of 
Mines,  Dex)artment  of  the  Interior,  Washington,  D.  C,  and  they  shall 
be  analyzed  and  tested  in  accordance  with  the  method  recommended 
by  the  American  Chemical  Society  and  by  the  use  of  a  bomb  calo- 
rimeter. Such  analyses  and  tests  shall  be  made  at  no  cost  to  the  con- 
tractor. The  results  shall  be  reported  by  the  Biureau  of  Mines  in  not 
more  than  fifteen  (15)  days  after  the  receipt  of  the  sample.  If  moie 
than  one  sample  is  received  from  the  same  delivery,  the  fifteen  (15) 
days  shall  date  from  the  receipt  of  the  last  sample  taken. 

Vin.  BITTTMINOITS  AND  ANTHRACITE  PEA  AND  BUCK- 
WHEAT COAL  FOB  POWEB  AND  HEATZNG  PIiANTS. 

DESGRIFTION  OF  COAL  DESIRED. 

^^Kind and  qual-     23.  The  coal  must  be  a  good  coal 

(kind  and  size  to  be  specified),  and  must  be  adapted  for  successful  use 
in  the  particular  furnace  and  boiler  equipment. 
Infof^ft^n  to     24.  Bidders  are  required  to  specify  the  coal  offered  in  terms  of 
bidder.  moisture  in  the  coal  ''as  received, "  and  of  ash,  volatile  matter,  sulphur, 
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and  Britiah  therauJ  units  in  '^dry  coal,"  such  values  to  become  the 
staodaids  for  the  coal  of  the  succesedhil  bidder.  In  addition,  the  bidders 
are  required  to  give  the  trade  name  of  the  coal  offered,  the  name  or 
other  designation  of  coal  bed,  name  of  mine  or  mines,  location  of  mine 
or  mines  (town,  county,  and  State),  railroad  on  which  mine  or  mines 
are  located,  and  name  of  operator  of  mine  or  mines.  This  information 
shall  be  furnished  in  spaces  provided  hereinafter. 

NoTB. — ^Bids  not  supplying  the  foregoing  information  may  be  con- 
adered  infcxmal  and  rejected. 

Coal  ol  the  description  and  analysis  specified  is  herein  known  as  coal 
of  the  contract  grade.  Bidders  are  cautioned  against  specifying  higher 
standards  than  can  be  maintained,  for  to  do  so  will  result  in  deductions 
in  price  and  may  result  in  the  rejection  of  delivered  coal  or  the  cancel- 
lation  of  the  contract.  In  this  connection  it  should  be  recognized  that 
the  small  "mine  samples"  usually  indicate  a  coal  of  higher  economic 
value  than  that  actually  delivered  in  carload  lots,  because  of  the  care 
taken  to  separate  extraneous  matter  from  the  coal  in  the  "mine 
samples." 

AWARD. 

25.  In  determining  the  award  of  this  contract  consideration  will  be  Gonaidentioii& 
given  to  the  quality  of  the  coal  (expressed  in  terms  of  moisture  in  coal 

"as  received,"  of  ash  in  "dry  coal,"  and  British  thermal  units  in  "dry 
coal")  offered  by  the  respective  bidders  and  to  the  operating  results 
obtained  with  the  same  and  with  similar  coals  on  previous  contracts  or 
by  test,  as  well  as  to  the  price  per  ton. 

26.  Bids  may  be  rejected  from  further  consideration  if  they  offer    Bids  sol^ect  to 
coals  regarding  which  the  Government  has  information  that  they"^^^°* 
possess  unsatisfactory  physical  characteristics  or  volatile  matter  or 

sulphur  or  ash  contents,  or  that  they  are  unsatisfactory  because  of 
dinkering  or  excessive  refuse,  or  because  of  having  failed  to  meet  the 
requirements  of  city  smoke  ordinances,  or  for  other  cause  that  would 
indicate  that  they  are  of  a  character  or  quality  that  the  Government 
conaiderB  unsuited  for  the  storage  space  or  the  furnace  equipment  of  the 
particular  contract. 

27.  In  order  to  compare  bids  as  to  the  quality  of  the  coal  offered,  all    Method  of  oom- 
propoeals  shall  be  adjusted  to  a  common  basis.    The  method  used  shall  ^^^^^  ^'^' 

be  to  merge  the  four  variables— moisture  content,  ash  content,  heating 
value,  and  price  bid  per  ton— into  one  figure,  the  cost  of  1,000,000 
Biitiflh  thermal  units.  The  procedure  under  this  method  shidl  be  as 
follows: 

(a)  All  bids  shall  be  reduced  to  a  conmion  basis  with  respect  to 
moisture,  by  dividing  the  price  quoted  in  each  bid  by  the  difference 
between  100  per  cent  and  the  percentage  of  moisture  guaranteed  in  the 
bid*.    The  adjusted  bids  shall  be  figured  to  the  nearest  tenth  of  a  cent. 

(5)  The  bids  shall  be  adjusted  to  the  same  ash  percentage  by  selecting 
as  the  standard  the  proposal  that  offers  coal  containing  the  lowest 
percentage  of  ash.  The  difference  in  ash  content  between  any  given 
bid  and  this  standard  shall  be  divided  by  2  and  the  price  in  such  bid, 
adjusted  in  accordance  with  the  above,  multiplied  by  the  quotient. 
The  result  shall  be  added  to  the  above  adjusted  price.  The  adjusted 
bids  shall  be  figured  to  the  nearest  tenth  of  a  cent. 
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(c)  On  the  basis  of  the  adjusted  price,  allowance  shall  then  be  made 
for  the  varying  heat  values  by  computing  the  cost  of  1,000,000  British 
thermal  units  for  each  coal  offered.  This  determinKtion  shall  be  made 
by  multiplying  the  price  per  ton  adjusted  for  ash  and  moisture  contents 
by  1,000,000,  and  dividing  the  result  by  the  product  of  2,000  multiplied 
by  the  number  of  British  thermal  units  guaranteed.  If  the  coal  is  pur- 
chased on  the  basis  of  2,240  pounds  to  the  ton,  the  factor  of  2,240 
should  be  used  instead  of  2,000. 
Sorvioetest.  28.  After  the  elimination  of  undesirable  bids,  the  selection  of  the 
lowest  bid  of  those  remaining  on  the  basis  of  the  cost  per  1,000,000 
British  thermal  units  may  be  considered  by  the  Govenmient  as  a 
tentative  award  only,  the  Government  reserving  the  right  to  have 
practical  service  test  or  tests  made  under  the  direction  of  the  Bureau 
of  Mines,  the  results  to  determine  the  final  award  of  contract.  The 
interested  bidder  or  his  authorized  representative  may  be  present  at 
such  test. 

CAUSES   FOR  REJECTION. 

Goal  nibjeot  to  29.  It  is  imderstood  that  coal  containing  3  per  cent  more  moisture, 
r^eotioii.  ^j  ^  p^j.  ^^j^^.  j^q^q  agjj^  q^  3  p^r  cent  more  volatile  matter,  or  1  per  cent 

more  sulphur,  or  4  per  cent  fewer  British  thermal  units  than  the  speci- 
fied guaranties  as  to  the  standards  for  the  coal  hereunder  contracted 
for,  or  coal  furnished  from  a  mine  or  from  mines  other  than  herein 
specified  by 'the  contractor,  unless  upon  written  permission  of  the 
Government,  shall  be  considered  subject  to  rejection,  and  the  Govern- 
ment may,  at  its  option,  either  accept  or  reject  the  same.  Should  the 
Government  have  consumed  a  part  of  such  coal  subject  to  rejection, 
such  consumption  shall  not  impair  the  Government's  right  to  cause 
the  contractor  to  remove  the  remainder  of  the  delivered  coal  subject 
to  rejection. 

CanoeUation  of  30.  It  is  agreed  that  if  the  contractor  shall  furnish  coal  in  three 
mttS[Stpurc£i^  c<>^s^u^i^^  deliveries,  or  in  case  more  than  20  per  cent  of  the  coal 

delivered  to  any  date  diuring  the  life  of  this  contract  shall  contain  3 
per  cent  more  moisture,  or  2  per  cent  more  ash,  or  3  per  cent  more 
volatile  matter,  or  1  per  cent  more  sulphur,  or  2  per  cent  fewer  British 
thermal  units  than  the  specified  guaranties  as  to  the  standards  for  the 
coal  hereunder  contracted  for,  or  if  coal  is  fiumished  from  a  mine  or 
from  mines  other  than  herein  specified,  unless  upon  the  written  per- 
mission of  the  Government,  then  this  contract  may,  at  the  option  of 
the  Government,  be  terminated,  or  the  Government  may,  at  its  option, 
purchase  coal  in  the  open  market  until  it  may  become  satisfied  that 
the  contractor  can  furnish  coal  equal  to  the  standards  guaranteed,  and 
the  Government  shall  have  the  right  to  chaige  against  the  contractor 
any  excess  in  price  of  coal  so  purchased  over  the  corrected  price  that 
would  have  been  paid  to  the  contractor  had  the  coal  been  delivered 
by  him. 

Rtfnoval  of  re-  31.  The  contractor  shall  be  required  to  remove,  without  cost  to  the 
^^'^ '  Government,  within  48  hours  after  notification,  coal  that  has  been 

rejected  by  the  Government.  Should  the  contractor  not  remove 
rejected  coal  within  the  said  48  hours,  the  Government  shall  then  be 
at  liberty  to  have  the  said  coal  removed  from  its  premises  aifd  to  dis- 
pose of  such  coal  by  sale,  as  the  Government  shall  elect.  The  proceeds 
from  such  sale,  less  all  costs  incidental  to  its  removal  and  to  the  sale, 
shall  be  paid  over  to  the  contractor. 


SPECrPICATIONS  AND  PROPOSALS  FOE  COAL.  51 

PRICE  AND  PAYMENT. 

32.  The  Govemmeiit  hereby  agrees  to  pay  the  contractor  within  Betanninatioii 
thirty  (30)  days  after  the  completion  of  an  order  or  delivery  for  each  ^  ^ 
ton  of  2,000  pounds  of  coal  delivered  and  accepted  in  accordance  with 
all  the  terms  of  this  contract,  the  price  per  ton  determined  by  taking 
the  analysb  of  the  sample,  or  the  average  of  the  analyses  of  the  samples 
if  more  than  one  sample  is  analyzed,  collected  from  the  coal  delivered 
upon  the  basis  of  the  price  herein  named,  adjusted  as  follows  for  varia- 
tions in  heating  value,  ash  content,  and  moisture  content  from  the 
standards  guaranteed  herein  by  the  contractor.  (See  paiagraph  13  in 
appendix  for  exception  to  this  method:) 

(a)  Considering  the  coal  on  a  '' dry-coal ''  basis,  no  adjustment. in    Haat  onlt  ad- 
price  shall  be  made  for  variations  of  2  per  cent  or  less  in  the  number'       ^  * 

of  British  thermal  units  from  the  guaranteed  standard.  When  the 
variation  in  heat  units  exceeds  2  per  cent  of  the  guaranteed  standard, 
the  adjustment  shall  be  proportional  and  shall  be  determined  by  the 
following  formula: 

B.  t.  u.  delivered  coal  ("dry-coal"  basis) v^u-j 

B.  t.  u.  ("dry-coal"  baas)  specified  in  contract><^*^  pnce=pnce  re- 
sulting for  B.  t.  u.  variation  from  the  standard. 

The  adjusted  price  shall  be  figured  to  the  nearest  tenth  of  a  cent. 

As  an  example,  for  coal  delivered  on  a  contract  guaranteeing  14,000 
British  thermal  units  on  a  "dry-coal "  basis  at  a  bid  price  of  $3  per  ton, 
showing  by  calorific  test  results  varying  between  13,720  and  14,280 
British  thermal  units,  th^re  wouM  be  no  price  adjustment.  If,  how- 
ever, by  way  of  further  example  the  delivered  coal  shows  by  calorific 
test  14,350  British  thermal  tmits  on  a  "dry-coal"  basis,  the  price  for 
this  variation  from  the  contract  guaranty  would  be,  by  substitution 
in  the  formula: 

g;^X$3=$3.076 

(b)  No  adjustment  in  price  shall  be  made  for  variations  of  2. per  cent    Adi  ad j ast- 
or  less  below  or  above  the  guaranteed  percentage  of  ash  on  the  "diy- 

coel "  basis.  When  the  variation  exceeds  2  per  cent,  the  adjustment 
in  price  shall  be  determined  as  follows: 

The  difference  between  the  ash  content  by  analysis  and  the  ash 
content  guaranteed  shall  be  divided  by  2  and  the  quotient  shall  be 
multiplied  by  the  bid  price,  and  the  result  shall  be  added  to  or  de- 
ducted from  the  B.  t.  u.  adjusted  price  or  the  bid  price,  if  there  is  no 
B.  t.  u.  adjustment,  according  to  whether  the  ash  content  by  analysis 
is  below  or  above  the  percentage  guaranteed.  The  adjustment  for 
ash  content  shall  be  figured  to  the  nearest  tenth  of  a  cent. 

As  an  example  of  the  method  of  determining  the  adjustment  in  cents 
per  ton  for  coal  containing  an  ash  content  varying  by  more  than  2  per 
cent  from  the  standard,  consider  that  coal  for  which  the  above-men- 
tioned heat  unit  adjustment  is  to  be  made  has  been  delivered  on  a 
contract  guaranteeing  10  per  cent  ash,  and  shows  by  analysis  an  ash 
content  of  7.50  per  cent.  The  adjustment  in  price  would  be  deter- 
mined as  follows: 

The  difference  between  10  and  7.50,  which  is  2.50,  would  be  divided 
by  2,  and  the  quotient  of  1.25  multiplied  by  $3,  resulting  in  an  adjust- 
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ment  of  3.7  cents  per  ton,  which  in  this  case  would  be  an  addition. 
The  price  after  adjustment  for  the  variations  in  heating  value  and  ash 
content  would  be  $3,075  plus  $0,037,  or  $3,112. 

(c)  The  price  shall  be  further  adjusted  for  moisture  content  in  excess 
of  the  amount  guaranteed  by  the  contractor,  the  deduction  being  de- 
termined by  multiplying  the  price  bid  by  the  percentage  of  moisture 
in  excess  of  the  amount  guaranteed.  The  deduction  shall  be  figured 
to  the  nearest  tenth  of  a  cent. 

As  an  example,  consider  that  coal  for  which  the  above-mentioned 
heat  unit  and  ash  adjustments  are  to  be  made,  and  as  having  been  de- 
livered on  a  contract  ^aranteeing  3  per  cent  moisture,  and  that  the 
coal  shows  by  analysis  4.50  per  cent  moisture;  then  the  bid  price 
would  be  multiplied  by  1.50  (representing  excess  moisture),  giving 
4.5  cents  as  the  deduction  per  ton.  The  price  to  be  paid  per  ton  for 
the  coal  would  then  be  $3,112,  less  $0,045,  or  $3,067. 

33.  If  coal  on  visual  inspection  by  the  Government  inspector  appears 
to  be  acceptable  coal,  the  Government  shall  have  the  right,  immediately 
on  the  completion  of  an  order,  to  make  payment  on  90  per  cent  of  the 
amount  of  the  bill,  based  on  the  tonnage  delivered  and  the  bid  price 
per  ton.  The  10  per  cent  withheld  is  to  cover  any  deduction  on  account 
of  the  delivery  of  coal  that  on  analysis  and  test  is  subject  to  an  adjust- 
ment in  price.  If  the  10  per  cent  withheld  should  not  be  sufficient  to 
cover  the  deduction,  then  the  amount  due  the  Government  may  be 
taken  from  any  money  thereafter  to  become  due  to  the  contractor,  or 
may  be  collected  from  the  sureties.  Because  of  the  distance  of  the 
point  of  delivery  from  the  laboratory,  requiring  several  days  for  the 
transmittal  of  samples  and  the  retiim  of  analytical  report,  because  of 
loss  of  the  original  sample,  necessitating  the  forwarding  of  the  reserve 
sample,  or  for  any  other  reason  that  would  result  in  delayed  payment, 
should  such  be  withheld  until  receipt  of  analytical  report,  the  Govern- 
ment may,  as  circumstances  in  its  opinion  warrant,  exercise  the  fore- 
going right. 


IX.  ANTHRACITE  00 AIi— DOMESTIC  SIZES. 
DESCRIPTION  OF  COAL  DESIRED. 

Character  and     34.  The  coal  must  be  best  quality,  fresh-mined,  anthracite,  and  it 

quality.  must  be  well  screened,  practically  free  from  dirt,  must  not  contain 

undue  percentages  of  moisture,  slate,  or  bone,  or  of  coal  of  smaller 

sizes,  and  must  equal  in  quality  and  preparation  the  best  anthracite 

coal  produced. 

infonnaUoxi  to     35.  The  bidder  shall  be  required  to  give  the  trade  name  of  the  coal 

bidder.  offered,  the  name  or  other  designation  of  coal  bed  or  beds,  the  name  of 

mine  or  mines  producing  the  coal,  location  of  mine  or  mines  (town, 
county,  and  State),  the  name  and  address  of  the  operator  of  mine  or 
mines,  and  the  railroad  upon  which  the  mine  or  mines  are  located, 
this  information  to  be  given  in  spaces  provided  hereinafter. 


AWARD. 

Cozi8id«ratioD&  36.  In  determining  the  award  of  the  contract,  consideration  shall  be 
given  to  the  results  obtained  with  coals  furnished  on  previous  Govern- 
ment contracts  by  the  respective  bidders,  as  well  as  to  the  price  per  ton. 


SPECIFICATIONS  AND  PBOPOSALS  FOE  COAL.  58 

CAUSES  FOB  BEJECTION. 

37.  If  the  percentage  of  bone,  dirt,  slate,  or  smaller  sizes  in  a  delivery    UnaatMBctory 
exceeds  the  percentage  required  by  the  best  preparation,  or  if  the*'^* 

given  coal  fails  to  give  satisfactory  results  because  of  excessive  clinker- 
ing  or  excessive  a^-pit  refuse,  it  shall  be  subject  to  rejection,  and  pay- 
ment may  not  be  made  for  the  remaining  coal,  and  the  Government 
shall  have  the  right  to  cause  the  contractor  to  remove  such  coal  at  no 
cost  to  the  Government.  The  Government  may  then  purchase  coal 
in  the  open  market  and  make  chaige  against  the  contractor  for  the 
excess  in  cost  of  coal  so  purchased. 

38.  If  it  is  impracticable  for  the  Government  to  cause  the  contractor  Aahdednctfcaia. 
to  remove  coal  that  produces  excessive  ash-pit  refuse,  samples  may  be 

taken  during  the  consumption  of  such  coal,  provided  not  more  than  50 
per  cent  of  the  delivery  had  been  consumed,  and  if  on  analysis  the  ash 
content  on  the  ''dry-coal "  basis  is  equal  to  or  greater  than  the  following 
percentages  for  the  respective  sizes  of  coal,  ten  (10)  per  cent  of  the  price 
of  the  delivery  in  question  shall  be  deducted  from  any  money  due  or 

that  may  thereafter  be  due  the  contractor: 

Ash  in 
SiieofcoaL  "dryooal/^ 

percent. 

Furnace 14 

Egg 15 

Stove 16 

Chestnut 18 

39.  The  Government  inspector  will  not  accept  coal  if ,  in  his  opinion,    UnaooeptaUe 
on  visual  inspection,  itissubject  to  rejection,  or  if  it  contains  an  undue 
percentage  of  moisture,  and  he  shall  have  the  right  to  refuse  to  accept 

coal  from  a  source  other  than  that  specified  by  the  bidder,  unless  the 
contractor  shall  have  received  permission  from  the  Government  to 
substitute  said  coal. 

40.  If  the  contractor  furnishes  coal  in  three  consecutive  deliveries,  or    Cnnwiiatlon  or 
in  case  20  per  cent  of  the  amount  of  the  coal  delivered  to  any  date  during 

the  life  of  the  contract  is,  in  the  opinion  of  the  Government,  subject  to 
rejection,  then  the  contract  may,  at  the  option  of  the  Government,  be 
terminated  by  written  notice  to  the  contractor  to  that  effect. 

PBICE  AND  PAYMENT. 

41.  Payment  shall  be  made  within  thirty  (30)  days  after  the  com- 
pletion of  an  order  and  shall  be  based  on  the  contract  price,  provided 
the  coal  is  not  subject  to  rejection. 

Z.  INFOBMATION  TO  BE  ST7PPLIED  BY  BIDDEBS. 

42 .  The  following  spaces  should  be  filled  in  by  the  bidder  for  each  bid, 
for  if  the  information  called  for  Is  not  supplied,  the  proposal  may  be 
r^arded  as  informal. 

(Bidders  are  cautioned  against  specifying  higher  standards  than  can 
be  maintained,  for  to  do  so  may  result  in  the  bid  being  rejected,  or  may 
result  in  rejection  of  delivered  coal  or  cancellation  of  the  contract  and 
the  Government  purchasing  coal  in  the  open  market  and  charging 
against  the  contractor  the  difference  in  cost.  See  paragraphs  8,  29, 
30.  31.) 

(To  be  signed  by  office  Issuing  proposals. 
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The  undersigned  agree. .  to  furnish  to  the , 

the  coal  described  below,  in  tons  of  2,000  pounds  each,  and  in  quantity 
as  may  be  required  during  the  fiscal  year  ending  Jime  30,  191. .,  in 
accordance  with  the  foregoing  specifications;  the  coal  to  be  delivered 
in  such  quantities  and  at  such  times  as  the  Govemmoat  may  direct. 

(a)  Kind  and  size  of  coal 

(b)  Commercial  name  of  coal 

(c)  Name  of  mine  or  mines 

(df)  Location  of  mine  or  mines  (town,  county,  and  State) 

(e)  Name  or  other  designation  of  coal  bed  or  beds 

(/)  Bailroad  on  which  mine  or  mines  are  located 

(jg)  Name  of  operator  of  mine  or  mines 

(A)  Percentage  of  moisture  in  coal  "as  received  " 

(t)  Percentage  of  ash  in  "dry  coal " 

(j)  Percentage  of  volatile  matter  in  "dry  coal " 

(i)  Percentage  of  sulphur  in  "dry  coal" 

(Q  British  thermal  units  per  pound  of  "dry  coal " 

(m)  Additional  description  of  coal  deemed  of  importance  by  the 
bidder 

(n)  Price  per  ton  of  2,000  pounds  for  delivery  (for  bituminous  coal 
and  for  pea  and  buckwheat  sizes  of  anthracite  this  price  is  understood 
to  be  the  bid  price  per  ton,  see  paragraph  32  for  method  of  determining 
price  for  delivered  coal) 

NoTB.— The  Infonnation  called  for  under  h,i,jf  h,  and  I  U  not  required  for  bids  on 
the  domestic  sizes  of  anthracite  coal;  that  is,  ftiniaoe,  egg,  stove,  and  chestnut. 

The  undersigned  ha.,  read  the  specifications  and  proposals  and 
agree. .  to  comply  therewith  in  every  particular. 


Signature  of  each  member  of  the  firm  and  firm  name. 
If  a  corporation,  its  name  and  signature  of  the  officer  au- 
thcNTized  to  sign  for  thecorporation,  together  with  acopy , 
onder  seal  of  his  au  thority ,  to  sign;  also  the  name  of  the 
State  in  which  Incorporated. 


Doing  business  under  the  firm  name  of. 

Place  of  business 

Date. 

NoTE.-^wing  to  the  difficulty  in  deciphering  signatures,  a  typewritten  copy  of 
same  should  be  attached. 


APPENDIX  A. 

XETHOD  OF  SAMPUNG  OOAIa  DEUVBBIES. 

(To  be  attached  to  and  to  become  a  part  of  the  Specifications  and 

Proposalfl  issued  by  the  Office  of  the  ,  for  the 

purchase  of  coal  ioi  the  fiscal  year  conunendng  July  1,  191..,  and 
ending  June  30, 191 . . .) 

NofB.— As  payment  for  bitumlnoas  and  the  steam  sizes  of  antfazBoite  coal  Is  to  be 
based  upon  the  quality  as  shown  by  analyses  of  represeatative  samples.  It  is  Imperatire 
that  every  sample  be  colleoted  and  prepared  carefully  and  conscientiously  and  in  strict 
accordance  with  the  method  agreed  upon  herein,  for  if  the  sampling  is  improperly  done, 
a  determined  price  based  on  the  analysis  will  be  In  error  and  it  may  be  impossible  or 
Impracticable  to  take  another  sample:  but  if  an  analysis  is  in  error,  another  analysis 
can  easily  be  made  of  the  original  sample. 

Gross  samples  of  the  quantities  designated  herefai  must  be  taken  whether  the  delivery 
consists  of  a  few  tons  or  several  hundred  tons,  because  of  the  following  cardinal  prinoipla 
In  sampling  coal  that  must  be  recognized  and  understood;  that  is,  the  eiXect  of  the 
chance  Inclusion  or  exclusion  of  too  many  or  too  few  pieces  of  slate,  or  other  impurities 
In  what,  or  from  what,  would  otherwise  have  been  a  representative  sample  will  cause 
the  analysis  to  be  in  error  accordingly,  regardless  of  the  tonnage  sampled.  For  example, 
the  chance  inchision  or  exclusion  of  10  pounds  too  much  or  too  little  of  impurities  in  or 
from  an  otherwise  representative  sample  of  100  pounds  would  cause  the  analysis  to  show 
an  error  in  ash  content  and  heating  value  of  approximately  10  per  cent,  whereas  for  a 
l,000>pound  sample,  the  effect  would  be  approximately  only  1  per  cent,  the  effect  being 
the  same  w^iether  the  sample  is  colleoted  from  a  1-ton  lot  or  from  a  lot  consisting  of  several 
hundred  tons. 

1.  The  coal  shall  be  sampled  when  it  is  being  loaded  into  or    Time  of  Sam- 
unloaded  from  railroad  cars,  ships,  barges,  or  wagons,  or  when  dis-^^^^* 
charged  from  supply  bins,  or  from  industrial  railway  cars,  or  grab 

buckets,  or' from  the  coal-conveying  equipment,  as  the  case  may  be 
and  as  may  be  mutually  agreed  upon.  I f  the  coal  is  crushed  as  received , 
samples  usually  can  be  taken  advantageously  after  the  coal  has  passed 
through  the  crusher.  Samples  collected  from  the  surface  of  coal  in 
piles  or  bins,  or  in  cars,  ships,  or  barges,  are  generally  unreliable. 

2.  To  collect  samples,   a  shovel  or  specially  designed  tool  or    sise  of  hi^e- 
mechanical  means  shall  be  used  for  taking  equal  portions  or  incre-'"^^' 
ments.    For  slack  or  small  sizes  of  anthracite,  increments  as  small  as 

5  to  10  pounds  may  be  taken,  but  for  run-of-mine  or  lump  coal  the 
increments  should  be  at  least  10  to  30  pounds. 

3.  The  increments  shall  be  r^ularly  and  systematically  collected,    coUection     of 
00  that  the  entire  quantity  of  coal  sampled  will  be  represented  pro-  ^^^^  »mpl«. 
portionately  in  the  gross  sample,  and  with  such  frequency  that  a  gross 

sample  of  the  required  amoimt  shall  be  collected.  The  standard  gross 
sample  shall  not  be  less  than  1,000  poimds,  except  that  for  slack  coal 
and  small  sizes  of  anthracite  in  which  the  impurities  do  not  exist  in 
abnormal  quantities  or  in  pieces  larger  than  }  inch,  a  gross  sample  of 
approximately  500  poimds  shall  be  considered  sufficient.  If  the  coal 
contains  an  unusual  amount  of  impurities,  such  as  slate,  and  if  the 
pieces  of  such  impurities  are  very  large,  a  gross  sample  of  1,500  pounds 
or  more  shall  be  collected.  The  gross  sample  should  contain  the  same 
proportion  of  lump  coal,  fine  coal,  and  impurities  as  is  contained  in 
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the  coal  sampled.  When  coal  is  extremely  lumpy  it  is  beet  to  break  a 
proportional  amount  of  the  lumps  before  taking  the  various  increments 
of  a  sample.  Provision  should  be  made  for  the  preservation  of  the 
integrity  of  the  sample. 

Quantity  repre-  4.  A  gross  sample  shall  be  taken  for  each  500  tons  or  lees,  or  in  case 
of  larger  tonnages  for  such  quantities  as  may  be  agreed  upon. 

Praparation.  5.  After  the  gross  sample  has  been  collected,  it  shall  be  systematically 
crushed,  mixed,  and  reduced  in  quantity  to  convenient  size  for  trana- 
mittal  to  the  laboratory.  The  sample  may  be  crushed  by  hand  or  by 
any  mechanical  means,  but  under  such  condltLons  as  shall  prevent  loss 
or  the  accidental  admixture  of  foreign  matter.  Samplee  of  the  quan. 
titles  indicated  in  Table  1  following  shall  be  so  crushed  that  no  pieces 
of  coal  and  impurities  will  be  not  greater  in  any  dimension,  as  judged 
by  the  eye,  than  specified  for  the  sample  before  division  into  two  ap- 
proximately equal  parts.  ' 

Table  1. — Largest  sizes  of  coal  and  impurities  allowable  in  samples 
ranging  from  1,000  to  30  pounds  in  weight. 

Weight  of  sample  Largest  size  of  coal  and  impurities 

to  be  dlyided,  allowable  in  sample  before 

pounds.  divisian. 

1,000  or  more 1  inch. 

500 }inch. 

250 i  inch. 

125 finch. 

60 }inch. 

30 A  inch,  or  4-me8h  screen. 

The  method  of  reducing  by  hand  the  quantity  of  coal  in  a  groas 
sample  shall  be  carried  out  as  prescribed  below,  even  should  the  ini- 
tial size  of  the  coal  and  impiurities  be  less  than  Table  1. 
Hand  prepara-     6.  The  progressive  reduction  in  the  weight  of  the  sample  to  the  quan- 
*^°"'  tities  indicated  in  Table  1  shall  be  done  by  the  following  methods, 

which  are  shown  in  the  accompanying  illustration  (PL  V) : 
llizing  and  re-     (a)  The  alternate-shovel  method  of  reducing  the  gross  sample  shall 
^u^u  aJtenite  ^®  repeated  until  the  sample  is  reduced  to  approximately  250  poimds; 
shoveuSils.  and  care  shall  be  observed  before  each  reduction  in  quantity  that  the 

sample  has  been  crushed  to  the  fineness  prescribed  in  Table  1. 

The  crushed  coal  shall  be  shoveled  into  a  conical  pile  (figs.  2  and  7) 
by  depositing  each  shovelful  of  coal  on  top  of  the  preceding  one,  and 
then  formed  into  a  long  pile  in  the  following  manner: 

The  sampler  shall  take  a  shovelful  of  coal  from  the  conical  pile  and 
spread  It  out  in  a  straight  line  (figs.  3,  A,  and  8,  A)  having  a  width  equal 
to  the  width  of  the  shovel  and  a  length  of  5  to  10  feet.  His  next  shovel- 
ful shall  be  spread  directly  over  the  top  of  the  first  shovelful,  but  in  the 
opposite  direction,  and  so  on  bcu:k  and  forth,  the  pile  being  occasion- 
ally flattened  until  all  the  coal  has  been  formed  into  one  long  pile  (figs. 
8,  B,  and  8,  B).  The  sampler  shall  then  discard  half  of  this  pile,  pro- 
ceeding as  follows: 

Beginning  on  one  side  of  the  pile,  at  either  end,  and  shoveling  from 
the  bottom  of  the  pile,  the  sampler  shall  take  one  shovelful  (shovelful 
No.  1,  figs.  4  and  9)  and  set  it  aside;  advancing  along  the  side  of  the 
pile  a  distance  equal  to  the  width  of  the  shovel,  he  shall  take  a  second 
shoveful  (shovelful  No.  2,  figs.  4  and  9)  and  discard  it;  again  advancing 
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NOTE 

SELECT  A  HARD»  CLEAN 
SURFACE.  FREE  OF  CRACKS 
AND  PROTECTED  FROM 
RAIN.  SNOW.  WIND,  AND 
BEATING  SUN.  DO  NOT  LET 
CINDERS.  SAND,  CHIRPINGS 
FROM  FLOOR,  OR  ANY 
OTHER  FOREIGN  MATTER 
GET  INTO  THE  SAMPLE. 
PROTECT  SAMPLE  FROM 
LOSS  OR  GAIN  IN  MOISTURE 


Retain  oppoaite  quarters  i4,  A. 
Reject  quarters  B,  B 


Retain  opposite  quarters  A,  A, 
Reject  quarters  B,  B 


Retain  opposite  quarters  i4,  A. 
Reject  quarters  B,  B 


Fill  two  5-pound  sample  containers  from 
A,  A,  Oie  for  laboratory,  one  for  resent 
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in  the  same  direction  one  shovel  width,  he  shall  take  a  third  shovelfid 
(shovelful  No.  3,  figs.  4  and  9)  and  add  it  to  the  first.  Shovelful  No. 
4  (figs.  4  and  9)  ifl  to  be  taken  in  a  like  manner  and  discarded,  the  fifth 
shovelful  (No.  5,  figs.  4  and  9)  retained,  and  so  on,  the  sampler  advanc- 
ing always  in  the  same  direction  around  the  pile,  so  that  its  size  will  be 
gradually  reduced  in  a  uniform  manner.  When  the  pile  is  removed, 
about  hali  of  the  original  quantity  of  coal  should  be  contained  in  the 
new  pile  formed  by  the  alternate  shovelfuls  which  have  been  retained 
(figs.  5,  Af  and  10,  J.,  show  the  retained  halves,  and  5,  B,  and  10,  B, 
the  rejected  halves). 

(6)  After  the  gross  sample  has  been  reduced  by  the  above  method  to    ^J^|{°^^^  '^ 
approximately  250  pounds,  further  reduction  in  quantity  shall  be  by  tering.        ^"^"^ 
the  quartering  method.    Before  each  quartering,  the  sample  shall  be 
crushed  to  the  fineness  prescribed  in  Table  1. 

Quantities  of  125  to  250  pounds  shall  be  thoroughly  mixed  by  coning 
and  reconing  (figs.  12  and  13) ;  quantities  less  than  125  pounds  shall  be 
placed  on  a  suitable  cloth,  measuring  about  6  by  8  feet,  mixed  by  raid- 
ing first  one  en4  of  the  cloth  and  then  the  other  (figs.  18,  24,  and  30),  so 
as  to  roll  the  coal  back  and  forth,  and  after  being  thoroughly  mixed 
shall  be  formed  into  a  conical  pile  by  gathering  together  the  four  comers 
of  the  cloth  (figs.  19,  25,  and  31).  The  quartering  of  the  conical  pile 
shall  be  done  as  follows: 

The  cone  shall  be  flattened,  its  apex  being  pressed  vertically  down 
with  a  shovel  or  board,  so  that  after  the  pile  has  been  quartered  each 
quarter  will  contain  the  material  originally  in  it.  The  flattened  mass, 
which  shall  be  of  uniform  thickness  and  diameter,  shall  then  be  marked 
into  quarters  (figs.  14,  20,  26,  and  32)  by  two  lines  that  intersect  at  right 
angles  directly  under  a  point  corresponding  to  the  apex  of  the  original 
cone.  The  diagonally  opposite  quarters  (J3,  B  in  figs.  16,  22,  28,  and 
34)  shall  then  be  shoveled  away  and  discarded  and  the  space  that  they 
occupied  brushed  clean.  The  coal  remaining  shall  be  successively 
crushed,  mixed,  coned,  and  quartered  until  two  opposite  quarters  shall 
equal  approximately  10  pounds  of  ^inch  or  4-me6h  size.  This  10-pound 
quantity  shall  be  divided  into  two  equal  parts  and  each  part  shall  be 
placed  in  a  container  suitable  for  transportation  and  shall  bear  an  un- 
broken seal.  One  of  the  samples  shall  be  forwarded  by  the  officer  in 
charge  to  the  Bureau  of  Mines,  Department  of  the  Interior,  for  analysis, 
and  the  other  shall  be  held  in  reserve  by  the  officer  in  charge.  Should 
the  sample  forwarded  be  lost  or  damaged  in  transit,  then  the  reserve 
sample  shall  be  forwarded. 

7.  Only  such  mechanical  means  as  will  give  equally  representative    Mechanical 
samples  shall  be  used  in  substitution  for  the  hand  method  of  prepara-  P^P^'*^^^^* 
tion  herein  specified. 

8.  For  convenience,  or  if  the  accumulation  of  a  sample  would  extend ..  Extended    de- 
over  any  considerable  period  of  time,  the  several  quantities  that  would 

otherwise  be  combined  to  make  up  the  gross  sample  may  be  worked 
down  as  collected  and  reduced  to  samples  of  a  size  suitable  for  trans- 
mittal to  the  laboratory,  and  these  fractional  samples  may  be  analyzed 
and  the  several  analyses  averaged,  or  the  several  samples  may  later  be 
mixed  at  the  place  of  sampling  or  in  the  laboratory  and  reduced  to  one 
sample,  one  analysis  being  made.  In  the  averaging  of  analyses  or  in 
the  mixing  of  the  several  samples,  weights  shall  be  used  proportionate 
to  the  toimages  which  the  fractional  samples  represent. 
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Spedal  moto.  9.  In  the  reduction  of  the  gross  sample  to  the  sample  for  trans- 
mittal to  the  laboratory,  the  gross  sample  may  unavoidably  lose  mois- 
ture. To  determine  the  moisture  content  in  the  coal  delivered ,  a  sepa- 
rate special  moisture  sample  may  be  taken.  This  special  moisture 
sample  shall  be  taken  so  as  to  represent  the  coal  with  respect  to  the 
moisture  contained  at  the  time  of  weighing. 

c^iectiQii  of  10.  The  special  moisture  sample  shall  weigh  approximately  100 
'  pounds,  and  shall  be  accumulated  by  placing  in  a  waterproof  receptacle 
with  a  tight-fitting  and  waterproof  lid  small  equal  parts  of  the  freshly 
taken  increments  of  the  gross  sample,  or  they  may  be  collected  sepa- 
rately and  independently  of  the  gross  sample.  The  accumulated 
moisture  sample  shall  be  rapidly  crushed  and  reduced  mechanically 
or  by  hand  to  about  a  5-pound  quantity,  which  shall  be  inmiediately 
placed  in  a  container  and  sealed  air-tight  and  forwarded  to  the  labora- 
tory. If  prepared  by  hand,  it  shall  be  rapidly  crushed  so  that  no 
pieces  of  coal  or  impurities  are  larger  than  one-half  inch,  and  it  shall 
be  rapidly  reduced  by  the  quartering  method  on  a  cloth  to  the 
5-poimd  quantity. 

Mofatoune»m-  n.  The  collection  of  special  moisture  samples  shall  be  discretionary 
ary.  with  the  Government.    If  special  moisture  samples  are  not  taken,  the 

moisture  determined  for  the  gross  sample  shall  govern,  provided  the 
gross  sample  shall  be  taken  so  as  to  represent  the  coal  with  respect  to 
the  moisture  contained  at  the  time  of  weighing,  otherwise  the  moisture 
determination  shall  be  waived. 

MolBture  sam-  12.  A  special  moisture  sample  may  be  taken  from  any  one  railroad 
mnt  ai^  par?"!^^^  ^^  ^^^^j  ^^  ^™  ^  P^^  ^^  ^  delivery,  if,  in  the  opinion  of  the  Govem- 
delivwy.  ment,  said  car  or  cars,  or  said  part  of  a  delivery  contains  moisture  in 

excess  of  the  amount  guaranteed  by  the  contractor,  and  should  the  mois- 
ture content  of  this  special  sample  be  in  excess  of  the  moisture  content 
guaranteed  by  the  contractor,  then  the  Government  shall  have  the 
right  to  make  a  deduction  in  price  in  accordance  with  paragraph  32  (c) 
under  ''Price  and  Payment,"  for  the  car  or  cars, or  the  part  of  the 
delivery  sampled,  and  this  correction  shall  in  no  wise  affect  the  mois- 
ture correction  for  other  railroad  cars  or  parts  of  the  delivery  that  may 
be  sampled,  or  the  correction  that  shall  apply  for  variations  of  ash  and 
heating  value  as  determined  for  the  delivery  or  order.  The  special 
moisture  sample  shall  be  used  for  no  other  purpose  than  for  determining 
moisture  content,  and  the  moisture  content  so  determined  shall  be 
considered  as  final. 

SampUng  of  M  13  When  orders  are  issued  for  50  tons  or  less,  sampling  shall  be 
cretioDaiy.  discretionary  with  the  Government;  and  if  samples  are  not  taken,  the 

bid  price  per  ton  shall  be  paid. 


pubucahons  on  fuel  tbchnologt. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  is  temporarily  available  for  free  distribution.  Requests  for  all 
publications  can  not  be  granted,  and  applicants  should  limit  their 
selection  to  publications  that  may  be  of  especial  interest  to  them. 
Requests  for  publications  should  be  addressed  to  the  Director,  Bureau 
of  Mines,  Washington,  D.  C. 

BuLLBTm  2.  I^cnrih  Dakota  lignite  as  a  fuel  for  power-plant  iKnlers,  by  D.  T. 
Randall  and  Henry  Kreicdnger.    1910.    42  pp.,  1  pL,  7  figs. 

Bulletin  4.  Features  of  producer-gas  power-plant  development  in  Europe,  by 
R.  H.  Feniald.    1910.    27  pp.,  4  pis.,  7  figs. 

BuLLBTm  5.  Washing  and  coking  tests  of  coal  at  Denver,  Colo.,  July  1,  1908,  to 
June  30,  1909,  by  A.  W.  Belden,  G.  R.  Delamater,  J.  J.  Groves,  and  K.  M.  Way. 
1910.    62  pp.,  1  fig. 

BiTLLBTiN  6.  Coals  available  for  the  manufacture  of  illuminating  gas,  by  A.  H. 
White  and  Peiry  Barker,  compiled  and  revised  by  H.  M.  Wilson.  1911.  77  pp., 
4  pis.,  12  figs. 

BuLLBTiN  13.  R^sum^  of  producer-gas  investigations,  October  1,  1904,  to  June  30, 
1910,  by  R.  H.  Femald  and  C.  D.  Smith.    1911.    393  pp.,  12  pis.,  250  figs. 

Bulletin  14.  Briquetting  tests  of  lignite  at  Pittsburgh,  Pa.,  1908-9;  with  a  chapter 
on  sulphite-pitch  binder,  by  C.  L.  Wright.    1911.    64  pp.,  11  pis.,  4  figs. 

Bulletin  16.  The  uses  of  peat  for  fuel  and  other  purposes,  by  0.  A.  Davis.  1911. 
214  pp.,  Ipl.,  Ifig. 

Bulletin  18.  The  transmission  of  heat  into  steam  boilers,  by  Heniy  Kreisinger 
and  W.  .T.  Ray.    1912.    180  pp. ,  78  figs. 

Bulletin  24.  Binders  for  coal  briquets,  by  J.  E.  Mills.  56  pp.,  1  fig.  Reprint 
of  United  States  Geological  Survey  Bulletin  343. 

Bulletin  27.  Tests  of  coal  and  briquets  as  fuel  for  house-heating  boilers,  by  D.  T. 
Randall.  44  pp.,  3  pis.,  2  figs.  Reprint  of  United  States  Geological  Survey  Bulle- 
tin 366. 

Bulletin  28.  Experimental  work  conducted  in  the  chemical  laboratory  of  the 
United  States  fuel-testing  plant  at  St.  Louis,  Mo.,  January  1,  1906,  to  July  31,  1906, 
by  N.  W.  Lord.    51  pp.    Reprint  of  United  States  Geological  Survey  Bulletin  323. 

Bulletin  31.  Incidental  problems  in  gas-producer  tests,  by  R.  H.  Femald,  C.  D. 
Smith,  J.  K.  Clement,  and  H.  A.  Grine.  29  pp.,  8  figs.  Reprint  of  United  States 
Geological  Survey  Bulletin  393. 

Bulletin  32.  Commercial  deductions  from  comparisons  of  gasoline  and  alcohol 
tests  of  internal-combustion  engines,  by  R.  M.  Strong.  38  pp.  Reprint  of  United 
States  Geological  Survey  Bulletin  392. 

Bulletin  33.  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  the  torpedo 
boat  BiddU,  by  W.  T.  Ray  and  Henry  Kreisinger.  50  pp.,  10  figs.  Reprint  of 
United  States  Geological  Survey  Bulletin  403. 

Bulletin  34.  Tests  of  run-of-mine  and  briquetted  coal  in  a  locomotive  boiler,  by 
W.  T.  Ray  and  Henry  Kreisinger.  33  pp.,  9  figs.  Reprint  of  United  States  Geo- 
logical Survey  Bulletin  412. 

Bulletin  35.  The  utilization  of  fuel  in  locomotive  practice,  by  W.  F.  M.  Goss. 

29  pp.,  8  figs.    Reprint  of  United  States  Geological  Survey  Bulletin  402. 

59 


60  METHODS   OF   SAMPLING   DELIVERED   COAL. 

Bttllbtik  36.  Alaskan  coal  problems,  by  W.  L.  Fisher.    1911.    32  pp.,  1  pi. 

Bulletin  39.  The  smoke  problem  at  boiler  plants,  a  preliminary  report,  by  D.  T. 
Randall.  31  pp.  Reprint  of  United  States  Geological  Survey  Bulletin  334,  revised 
by  S.  B.  Flagg. 

Bulletin  40.  The  smokeless  combustion  of  coal  in  boiler  furnaces,  with  a  chapter 
on  central  heating  plants,  by  D.  T.  Randall  and  H.  W.  Weeks.  188  pp.,  40  figs. 
Reprint  of  United  States  Geological  Survey  Bulletin  373,  revised  by  Henry  Kreisinger. 

Bulletin  49.  City  smoke  ordinances  and  smoke  abatement,  by  S.  B.  Flagg.  1912. 
56  pp. 

Bulletin  54.  Foundry  cupola  gases  and  temperatures,  by  A.  W.  Belden.  1913. 
29  pp.,  3  pis.,  16  figs. 

Bulletin  55.  The  commercial  trend  of  the  producer-gas  power  plant  in  the  United 
States,  by  R.  H.  Femald.    1913.    93  pp.,  1  pi.,  4  figs. 

Bulletin  56.  First  series  of  coal-dust  tests  in  the  experimental  mine,  by  G.  S. 
Rice,  L.  M.  Jones,  J.  K.  Clement,  and  W.  L.  Egy.    1913.    115  pp..,  12  pis.,  28  figs. 

Bulletin  58.  Fuel-briquetting  investigations,  July,  1904,  to  July,  1912,  by  C.  L. 
Wright.    1913.    277  pp.,  21  pis.,  3  figs. 

Bulletin  76.  United  States  coals  available  for  export  trade,  by  Van.  H.  Manning. 
1914.    15  pp.,  1  pi. 

Bulletin  97.  Sampling  and  analyzing  flue  gases,  by  Henry  Kreisinger  and  F.  K. 
Ovitz.    1915.    70  pp.,  1  pi.,  36  figs. 

Technical  Paper  2.  The  escape  of  gas  from  coal,  by  H.  C.  Porter  and  H.  G.  Ovitz. 
1911.    14  pp.,  1  fig. 

Technical  Paper  3.  Specifications  for  the  purchase  of  fuel  oil  for  the  Government, 
with  directions  for  sampling  chI  and  natural  gas,  by  I.  C.  Allen.    1911.    13  pp. 

Technical  Paper  5.  The  constituents  of  coal  soluble  in  phenol,  by  J.  C.  W.  Frazer 
and  E.  J.  Hoffman.    1912.    20  pp.,  1  pi. 

Technical  Paper  8.  Methods  of  analyzing  coal  and  coke,  by  F.  M.  Stanton  and 
A.  C.  Fieldner.    1913.    42  pp.,  12  figs. 

Technical  Paper  10.  Liquefied  products  of  natural  gas;  their  properties  and  uses, 
by  I.  C.  Allen  and  G.  A.  Burrell.    1912.    23  pp. 

Technical  Paper  16.  Deterioration  and  spontaneous  combustion  of  .coal  in 
storage,  a  preliminary  report,  by  H.  C.  Porter  and  F.  K.  Ovitz.    1912.    14  pp. 

Technical  Paper  25.  Methods  for  the  determination  of  water  in  petroleum  and 
its  products,  by  I.  C.  Allen  and  W.  A.  Jacobs.    1912.    13  pp.,  2  figs. 

Technical  Paper  34.  Experiments  with  furnaces  for  a  hand-fired  return  tubular 
boiler,  by  S.  B.  Flagg,  G.  C.  Cook,  and  F.  E.  Woodman.    1914.    32  pp.,  1  pi.,  4  figs. 

Technical  Paper  35.  Weathering  of  the  Pittsburgh  coal  bed  at  the  experimental 
mine  near  Bruceton,  Fft.,  by  H.  C.  Porter  and  A.  C.  Fieldner.    1914.    35  pp.,  14  figs. 

Technical  Paper  37.  Heavy  oil  as  fuel  for  internal  combustion  engines,  by  I.  C. 
Allen.    1913.    36  pp. 

Technical  Paper  38.  Wastes  in  the  production  and  utilization  of  natural  gas, 
and  methods  for  their  prevention,  by  Ralph  Arnold  and  F.  G.  Clapp.    1913.    29  pp. 

Technical  Paper  45.  Waste  of  oil  and  gas  in  the  Mid-Continent  fields,  by  R.  S. 
Blatchley.    1914.    54  pp.,  2  pis.,  15  figs. 

Technical  Paper  49.  The  flash  point  of  oils,  methods,  and  apparatus  for  its  de- 
termination, by  I.  C.  Allen  and  A.  S.  Croesfield.    1913.    31  pp.,  2  figs. 

Technical  Paper  50.  Metallurgical  coke,  by  A.  W.  Belden.  1913.  48  pp.,  1  pi., 
23  figs. 

Technical  Paper  55.  The  production  and  use  of  brown  coal  in  the  vicinity  of 
Cologne,  Germany,  by  C.  A.  Davis.    1913.    15  pp. 

Technical  Paper  57.  A  preliminary  report  on  the  utilization  of  petroleum  and 
natural  gas  in  Wyoming,  by  W.  R.  Calvert,  with  a  discussion  of  the  suitability  of 
natural  gas  for  making  gasoline,  by  G.  A.  Burrell.    1913.    23  pp. 


PUBLICATIONS   ON   FUEL  TECHNOLOGY.  61 

Techktcal  Paper  63.  Factors  govenuDg  the  combustion  of  coal  in  boiler  furnaces; 
a  preliminary  report,  by  J.  K.  Clement,  J.  C.  W.  Frazer,  and  0.  E.  Augustine.  1914. 
46  pp.,  26  figs. 

Technical  Paper  65.  A  study  of  the  oxidation  of  coal,  by  H.  0.  Porter.  1914. 
30  pp.,  12  figs. 

Tbchkical  Paper  74.  Physical  and  chemical  properties  of  the  petroleums  of  Cali- 
fornia, by  I.  C.  Allen,  W.  A.  Jacobs,  A.  S.  Crossfield,  and  R.  R.  Mathews.  1914. 
38  pp.,  1  fig. 

Technical  Paper  76.  Notes  on  the  sampling  and  analysis  of  coal,  by  A.  0.  Fieldner. 

1914.  59  pp.,  6  figs. 

Technical  Paper  97.  Saving  fuel  in  heating  a  house,  by  L.  P.  Breckeniidge,  and 
S.  B.  Flagg.    1915.    35  pp.,  3  figs. 

Technical  Paper  104.  Analysis  of  natural  gas  and  illuminating  gas  by  fractional 
distillation  at  low  temperatures  and  pressures,  by  G.  A.  Burrell,  F.  M.  Seibert,  and 
I.  W.  Robertson.    1915.    41  pp.,  7  figs. 

Technical  Paper  109.  Composition  of  the  natural  gas  used  in  twenty-five  cities, 
with  a  discussion  of  the  properties  of  natural  gas,  by  G.  A.  Burrell  and  G.  G.  Oberfell. 

1915.  22  pp. 

Technical  Paper  113.  Some  properties  of  the  water  in  coal,  by  H.  C.  Porter  and 
O.C.  Ralston.    1916.    30  pp. 

Technical  Paper  114.  Heat  transmission  through  boiler  tubes,  by  Henry  KreLain- 
ger  and  J.  F.  Barkley.    1915.    36  pp. ,  23  figs. 

Technical  Paper  115.  Infiammability  of  mixtures  of  gasoline  vapor  and  air,  by 
G.  A.  Burrell  and  H.  T.  Boyd.    1915.    18  pp.,  2  figs. 

Technical  Paper  123.  Notes  on  the  use  of  low-grade  fuel  in  Europe,  by  R.  H. 
Femald.    1915.    37  pp. 

Tbghnigal  Paper  127.  Hazards  in  handling  gasoline,  by  G.  A.  Burrell.    1916. 


INDEX. 


A. 

Page. 

Alteniat»4hoYeI  sampling 26,56,57 

Analyses  of  coal  samples,  reporting  of 39, 40 

requirements  for ^ 

Anthracite  ooal,  commercial  sizes  of 45 

domestic  sixes  of,  requirements  regarding, 

43,52,53 
torpowerplants,  requirements  regarding.  48,49 

specifications  for 43,44 

8t€  aho  Buckwheat  coal;  Pea  coal. 
"As  received"  basis  for  specifications,  ob- 
jections to 6|7 

Ash  in  coal ,  effect  of 10 

proportion  of,  fEwtors  affecting 10 

variations  in 43 

prlc^  adjustment  for . .  42,51,53 

B. 

BaHey,  E.G.,  on  sampling  coal 13 

Biddets,  information  supplied  by,  form  for. .  53,54 

Bids,  methods  of  comparing 49 

rejection  of 47,49 

requirements  regarding 47 

£[««(iZao  Proposals. 
Bituminous  coal  for  power  plants,  require- 
ments regarding 48,49 

See  aZaoCoal. 
Bond  ofoontiactor,  requirements  regarding..  46,47 

Brunton,  D.  W.,  on  crushing  of  ore 24 

on  method  of  sampling  ores 27 

Buckwheat  coal  for  power  plants,  require- 
ments regarding 48^1 

Bureau  of  Mines,  investigations  of 19 

method  of  sampling  by 14«  15 

sampling  room  of ,  description  of 32 

specifications  prepared  by 6 

testing  of  coal  by 8 

C. 

Car  samples  of  coal,  collection  of 18 

impurities  in 4 

Cargo,  shipments  of  coal,  collection  of  sam- 
ples from 15,18-20 

method  of  sampling 15 

Clinkerlng,  causes  of 12 

Coal,  determination  of  price  for 51 

from  stock  piled,  moisture  in,  determina- 
tion of 8|9 

in  cars,  effect  of  rain  on 8 

payment  for,  regulations  regarding 51^53 

variations  in,  price  corrections  for 42 

Coal-sampling  plant,  figure  showing 31 

operation  of 32 

view  of 32 

Collectors  of  coal  samples,  qualifications  of. .       20 

Comhig  of  gross  sample,  method  for 26,27,57 


Containers,  coal-sample,  description  of 36 

filling  of 27,28,38 

form  accompanying 37,38,39 

sealing  of 38 

Viewshowing 32 

types  of 36 

Contract,  award.of,  fEkctore  determining 52 

requirements  fbr 49,50 

cancellation  of ,  causes  for 50,53 

requirements  regarding 47 

Contractor ,  bond  of. 46, 4  7 

Crushing  coal 'samples,  factors  in 23,25 

ores,  factors  determining 34 

D. 

Delivery  of  coal,  requirements  for 48 

District  of  Columbia,  collection  of  samples  in.  30-35 
**  Dry-ooel "  basis  for  specifications,  merits  of.        7 

G. 

Gross  sample,  collection  of. 14^18, 55 

crushed,  views  of 26 

method  of  crushing 23 

mixing  of. 23,26,56 

preporation  of 23,56 

view  of 66 

quartered,  view  of 26 

receptacles  fbr 20,21 

reduction  of 23,^ 

size  of 5,56 

factors  determining 13,14 


H. 


19 


Hampton  Roads,  Va.,  crusher  installed  at. . . 

Heating  plants,  coal  for,  requirements  regard- 

hlg ....48,40 

Heating  value  of  coal,  factae  determbiing  —       10 

atpecificatlons  for 43 

varfetions  in,  price  adjustment  for 42, 51 

I. 

Isthmus  of  Panama,  sampling  of  coal  shipped 

to 19,43 

L. 

Ladle  for  collecting  samples 19 

U. 

Maflhig  of  coal  samples 36-38 

Mechanical  crusher,  precautions  hi  use  of —       29 
Mechanical  sampling  of  coal,  advantages  of . .       16 

method  for 16 

Mine  samples  of  coal,  collection  of 4,5 

value  of 6 

Mixing  and  reducing  machine,  advantage  of..  28, 29 

description  of 30 

view  of 28 

63 


64 


INDEX. 


Page. 

Moisttire  in  ooal,  fEM^on  afbcting 0,7 

loflflflsof 0,7 

▼arfrtioiiis  in. 0,7 

price  adJuslnMnt  for 53 

N. 

Newport  News,  Vs.,  sampling  of  coal  at 19 

Norfidk,  Va.,  8aoq>Ung  of  coal  at 19 

O. 
^  Ores,  crushing  of ,  factors  determining 24 

P. 

Panama,  sampling  of  coal  shipped  to 19,43 

Paraffin  f«-  sealing  containers,  objections  to. .       30 
Pea  coal  for  power  plants,  requirements  re- 
garding  48-51 

Power  plants,  coal  for,  requirements  regard- 
ing  48,49 

Proposals  for  coal,  requirements  regarding ...       40 

iSe«  also  Bids. 
Purchase  of  coal,  specification  method  for, 

difflcultiesin 4 

growth  of. 3 

purpose  of 40,41 

requirements  for 0 

value  of 3 

Purchased  coal,  dassiflcation  of 40 

regulations  regarding 47 

Q. 
Quartering  coal  sample,  method  of 27,57 

R. 

Reducing  buckets,  use  of 28^  29 

3u  also  Sampling  buckets. 
Reducing  machine.    See  Mixing  and  reduc- 
ing machine. 

Rejected  coal,  removal  of 50 

Rejection  of  coal,  causes  for 60,53 

Richards,  R.  H.,  onreduction  of  ore  samples.       28 

Riffle  of  sampling  plant,  construction  of 32 

flgureshowing 33 

view  of 32 


8. 

Page. 

Scunptos  of  coal,  mine,  oollectkm  of 4 

siieof 55 

time  of  collecting 15 

SeeaUo  Gross  8anq>le8. 

Sampling  bookats,  description  of 29,30 

view  of 28 

See  alto  Reducing  bucket. 

Sampling  of  coal,  factors  involved  in 5,0 

importance  of 41 

Samplfaig  coal,  method  of. 4-4,25,96,34,35 

precautions  in 12,13 

requirements  regarding 48 

time  for 55 

See  aUo  Goal  samples. 

Sampling  room,  descript  k>n  of 32 

Sealing  wax  for  sealing  containers,  objections 

to 36 

Shovel,  sampling  by  means  of 16 

Solder,  for  sealing  containers,  objections  to. .       30 

"8pecialmoisturesample8,"collectk>nof.  9,21,23,58 

preparation  of 9,21,22 

protection  of 9 

Sulphur  as  cause  of  dinker 11,12 

in  coal,  penalties  for 12 

T. 
Treasury  Department,  purchase  of  coal  by . . .        3 

U. 
U.S.  Geological  Survey,  work  of 8 

V. 

Vessels,  coal  unloaded  from,  collection  of 

samples  from 20 

Volatile  matter  in  coal,  specifications  regard- 
ing        11 

variations  in,  penalties  for II 

W. 

Wagons,  collection  of  samples  firam 17 


O 


BdMiill7 


DEPARTMENT  OF  THE  INTERIOR 

JOHN  BARTON  PAYNE.    Sbcrbtary 

BUREAU  OF  MINES 
FREDERICK  G.  COTTRELL.  Dirbctok 


STRUCTURE  IN  PALEOZOIC 
BITUMINOUS  COALS 


BY 


REINHARDT  THIESSEN 


WASHINGTON 

GOVERNMENT  PRINTING  OFFICE 

1920 


The  Bureau  of  Mines  In  carrying  out  one  of  tlie  provisions  of  its  organic 
act — to  disseminate  Information  concerning  investigations  made — sprints  a 
limited  free  edition  of  eacli  of  its  publications. 

When  this  edition  is  exhausted,  copies  may  be  obtained  at  cost  price  only 
through  the  Superintendent  of  Documents,  Government  Printing  Office,  Wash- 
ington. D.  C. 

The  Superintendent  of  Documents  is  not  an  official  of  the  Bureau  of  Mines. 
His  is  an  entirely  separate  office  and  he  should  be  addressed : 

Superintendent  of  Documents, 

Government  Printing  Office, 

Washington^  D.  C 

The  general  law  under  which  publications  are  distributed  prohibits  the  giving 
of  more  than  one  copy  of  a  publication  to  one  person.  The  price  of  this  publi- 
cation is  80  cents.  ' 

Persons  desiring  for  lecture  purpose  the  use,  free  of  charge, 'of  lantern  slides 
of  the  Illustrations  in  this  publication,  should  make  request  of  the  Director  of 
the  Bureau  of  Mines,  Washington,  D.  C. 


First  edition,    August t  1920, 


CONTENTS. 


Page. 

Introduction 1 

The  coala  studied 2 

Historical  review 2 

The  woody  structure  in  coal,  and  the  meaning  of  the  alternating  dull  and 

hright  laminae 2 

Henry  Witham,  1831-32 3 

Frederick  Link,  1838 4 

H.  R.  Goppert,  1840-1846 4 

John  Queckett,  1863 4 

John  Bilfour,  1854 5 

J.  W.  Dawson ,  1859-1866 6 

Thomas  H.  Huxley,  1870 5 

W.  C.  Williamson,  1881 5 

G .  W .  Von  Guembel  ,1883 6 

Edward  Wethered,  1885 7 

H.  Potoni6,  1906-1910 7 

James  Lomax,  1912 8 

Samuel  Glover,  1912 9 

David  White  and  Reinhardt  Thiessen,  1914 9 

Edward  C.  Jeffrey,  1914-15 v 9 

George  Hickling,  1917 10 

Methods  of  examining  samples 10 

Preparation  of  thin  sections 10 

Selection  of  the  specimen 10 

Preparation  of  the  plane  surface 11 

The  cement 11 

Waterproofing  the  specimens 12 

Cementing  the  block  on  the  slide 12 

The  second  grinding 12 

The  final  grinding 12 

The  preparation  of  polished  surges  for  oblique  illumination 12 

Origin  of  peat •. 13 

Peat  deposits 13 

Occurrence * , 13 

Disintegratiim  of  plant  substances 14 

Composition  of  a  bog 16 

The  components  in  detail 16 

Theattritus 16 

Objects  visible  under  a  hand  lens 17 

The  smaller  woody  components 17 

Larger  woody  components 17 

Log?  and  laiger  parts  of  trees 17 

Pliiportions  of  components 18 

Spores,  pollens,  cuticles,  and  resins 18 

The  amorphous  constituents 19 

The  physical  structure  of  the  tissues  remaining  in  peat 20 

The  cell  walls  in  a  state  of  hydrogel 20 

Other  properties  of  peat 21 

Plreservation  of  plant  tissues 21 

m 


IV  CONTENTS. 

Page. 

Structure  in  coal 22 

General  appearance  under  the  microscope . 22 

The  lamination  seen  in  coal 22 

The  "bright  coal"  or  anthraxylon 23 

The  "dull  coal" 24 

Theattritus ~ 25 

Examination  of  vertical  sections  at  low  magnification 25 

Structure  of  the  coal  from  the  Benton  mine,  Benton,  III 26 

Structure  of  the  coal  from  Royalton,  III 27 

Structure  of  the  Zeigler  and  Hart- Williams  coals 28 

Structure  of  the  coal  from  Sesser,  111 29 

Structure  of  the  coal  from  Buxton,  Iowa 29 

Structure  of  the  Pittsbiu^h  coal 29 

Similarity  of  vertical  sections  of  all  coals '. 31 

Examination  of  horizontal  cleavage  surfaces 31 

Structure  of  the  Vandalia  coal 32 

Structure  of  the  Benton  and  Hart-Williams  coal 32 

Structure  of  the  coal  from  Sesser,  III 33 

Structure  of  the  Buxton  coal 33 

Unusual  structure 34 

Similarity  of  horizontal  cleavages  of  all  coals 34 

Correlation  of  the  vertical  sections  and  horizontal  cleavages 34 

Nature  of  the  woody  patches 34 

Origin  of  the  woody  patches 35 

Similarity  between  horizontal  cleavage  surfaces  of  coal  and  peat:  A  proof 

by  analogy 35 

Examination  of  surfaces 35 

Dissection  of  horizontal  cleavages 36 

Microscopic  examination  of  coal 37 

Standards  of  comparison 37 

Correlation  of  characters 38 

Coal  from  the  Pittsburgh  seam 38 

The  Buxton  coal 41 

The  Vandalia  coal 41 

The  components  examined  at  higher  magnifications 41 

The  bright  coal  or  the  larger  anthraxylon  components 42 

Vertical  sections 42 

Horizontal  sections 43 

Preservation  of  structure 43 

The  "dull  coal" 44 

The  smaller  anthraxylon  components 44 

Size  and  form 44 

Distribution 46 

Color  and  transparency 46 

Remaining  plant  structure 47 

Structure  seen  in  horizontal  sections 48 

Reduction  in  thickness  from  the  original  of  the  anthraxylon.  50 

Resinous  inclusions 52 

The  kinds  of  tissues  represented  in  the  coals 54 

Cuticles 55 

Cuticles  in  coal 55 

Bark : 56 

Theattritus 57 


CONTENTS.  V 

Microscopic  examination  of  coal — Continued. 

The  components  examined  at  higher  magnifications — Continued. 

The  "dull  coal " — Continued.  Page. 

The  Oak  miae  coal;  cross  sections 57 

The  Experimental  mine  coal;  cross  sections 58 

The  Oak  mine  coal;  horizontal  sections 59 

Experimental  mine  coal;  horizontal  sections 60 

Sections  of  other  coals '. 61 

Illinois  coals,  from  the  No.  6  bed 61 

The  coal  from  the  Buxton  mine 62 

The  Sipsey  coal 62 

The  Vandalia  coal 62 

The  Carbon  Hill  coal 63 

The  components  in  detail 63 

The  humic  matter 63 

The  resinous  matter 64 

Occurrence 65 

Soiu'ces 66 

Distinguishing  characteristics 66 

The  spore-exines 67 

Sources 67 

Tetrasporic  markings  and  sculpturing 69 

Microspores  and  megaspores 68 

Distribution 70 

Sporangia  and  cones 70 

Types ^ 71 

Grouping  of  coals  by  their  spore-exines 72 

Spore-exines  from  the  Pittsburgh  seam ^  72 

Spore-exines  from  the  Sipsey  mine 73 

Spore-exines  from  the  Buxton  coal 74 

Megaspores 1 74 

Predominant  exines  of  the  Shelbj^ille  coal 75 

Spore-exines  in  the  Illinois  coals  of  bed  No.  6 76 

Tha  carbonaceous  matter 76 

The  more  highly  carbonized  antliraxylon 77 

The  disorganized  class  of  carbonized  matter 77 

Rod  lets 78 

Rodlets  scattered  through  the  attritus 78 

Rodlets  associated  with  woody  structiu"e8 79 

The  nature  of  the  rodlets 79 

The  origin  of  rodlets 80 

Fungi 81 

Other  organisms  in  coals 82 

Comparison  of  the  structures  of  the  coals 82 

The  coals  from  the  Pittsburgh  seam 82 

The  coal  from  Carbon  Hill,  Alabama 83 

The  Illinois  coal 84 

The  Zeigler  coal 84 

The  Hart- Williams  coal 85 

The  Sesser  coal 86 

The  Ro>'alton  coal 86 

The  Boxton  (Iowa)  coal 87 

The  Vandalia  (Ind.)  coal 89 

Publications  on  the  composition  of  coal 291 

Index 293 


ILLUSTRATIONS. 


Page. 
Plate  I.  A,  Peat  bog  near  Kiel,  Wis.;  B,  Near  view  of  bog  near 

Kiel,  Wis »3 

II.  A,  Near  view  of  peat  bog  in  Calumet  County,  Wis.;  B, 
Near  view  of  peat  bog  in  Manitowoc  County,  Wis.;  C, 
Another  view  of  the  bog  in  Manitowoc  County,  Wis. ..        94 
m.  A,  Close  view  of  the  bog  near  Kiel,  Wis. ;  B,  Perpendicular 

view  of  surface  of  bog  near  Kiel,  Wis 95 

IV.  A,  Lump  of  peat,  natural  size;  B,  Magnified  area  of  lump 

of  peat f 96 

V.  Smoothed  surface  of  a  lump  of  peat 97 

VI.  Chips  of  wood  from  peat 98 

VII.  A,  Cross  section  of  woody  peat  (X  300);  B,  Cross  section  of 

woody  peat  ( X  1,000) 99 

VIII.  Af  Organisms  in  woody  peat(X  1,000);  B,  Spores  of  a  liv- 
ing lycopodium  ( X  1,000) 100 

DC.  A,  Cross  section  of  a  leaf  of  a  living  cycad  ( X  100) ;  B,  Cross 

section  of  a  living  pine  needle  ( X  100) 103 

X.  Lump  of  coal  from  Seaser,  111 104 

XI.  Af  Lump  of  coal  from  Benton,  111.;  B,  Opposite  side  of 

lump  shown  in  A.' 105 

XII.  Anthraxylous  lump  of  coal  from  Benton,  111 106 

XIII.  Another  view  of  lump  shown  in  Plate  XII 107 

XIV.  Cone  in  coal  from  Benton,  111.  (X  10) 108 

XV.  A  magnified  area  from  Plate  XII  (X  10) * 109 

XVI.  A  magnified  area  from  Plate  XIII  (X  10) 110 

XVII.  Opaque  vertical  section  of  coal  from  Royalton,  111.  (X  10).  113 

XVIII.  Continuation  from  Plate  XVII 114 

XIX.  Continuation  from  Plate  XVIII 116 

XX.  Continuation  from  Plate  XIX _......  116 

XXI.  Continuation  from  Plate  XX 117 

XXII.  Af  Cross  section  of  rodlets  in  coal  from  Royalton,  111.; 

jB,  Lamination  in  coal  from  P.oyalton,  111 118 

XXIII.  Opaque  cross  section  of  coal  from  Zeigler,  111 119 

XXIV.  -4,  Opaque  cross  section  of  thin  laminse,  coal  from  Zeigler, 

111. ;  B,  Opaque  cross  section  of  coal  from  Sesser,  111 120 

XXV.  Horizontal  cleavage  surface  of  coal  from  the  Vandalia  mine, 

near  Terre  Haute,  Ind.  (X  2) 123 

XXVI.  Another  horizontal  cleavage  surface  of  coal  from  the  Van- 

dalia mine  (X  2) 124 

XXVII.  Horizontal  cleavage  surface  of  coal  from  Benton,  111 125 

XXVIII.  Ay  Horizontal  cleavage  surface  of  coal  from  Benton,  111., 

from  lump  shown  in  Plate  XI;  B,  Another  cleavage  sur- 
face of  lump  of  coal  shown  in  Plate  XI 126 

XXIX.  Horizontal  cleavage  surfaces  of  coal  from  the  Hart-Williams 

mine 127 

XXX.  Horizontal  cleavage  surface  of  coal  from  Sesser,  HI 128 

VI 


CONTENTS.  Vn 

Page. 
Plate  XXXI.  Horizontal  cleavage  surface  of  coal  from  Buxton,  Iowa, 

shows  general  structure  and  appearance  (X  5) 129 

XXXII.  Horizontal  cleavage  surface  of  coal  from  Buxton,  Iowa, 

shows  woody  components  (X  10) 130 

'XXXIII.  Horizontal  cleavage  surface  of  coal. from  Buxton,  Iowa, 

shows  finely  divided  woody  matter  (X  10) 133 

XXXrv.  Ay  Horizontal  cleavage  surface  of  coal  from  Zeigler,  111.; 
By  Horizontal  cleavage  surface   through  "compact" 

coal  of  the  coal  from  Royalton,  111.  (X  10) 134 

XXXV.  A,  Horizontal  cleavage  surface  of  the  coal  from  Royalton, 
m.;  By  Horizontal  cleavage  surface  of  the  coal  from 

Royalton,  similar  to  ^  (X  10) 136 

XXXVI.  Ay  '\\Tiole  section  of  outcrop  of  Pittsburgh  coal,  greatly 

reduced;  B,  A  lump  of  Pittsburgh  coal 136 

XXXVII.  Ojiaque  vertical  section  of  coal  from  the  Oak  mine,  first 

foot 137 

XXXVIII.  Opaque  vertical  section  of  coal  from  the  Oak  mine,  second 

foot 138 

XXXIX.  Opaque  vertical  section  of  coal  from  the  Oak  mine,  third 

foot i39 

XL.  Ojxaque  vertical  section  of  coal  from  the  Oak  mine,  fourth 

foot 140 

XLI.  Opaque  vertical  section  of  coal  from  the  Oak  mine,  fifth    ^ 

foot 143 

XLII.  Opaque  vertical  section  of  coal  from  the  Experimental 

mine 144 

XLIII.  Another  opaque  vertical  section  of  coal  from  the  Experi- 
mental mine 146 

XLIV.  A  J  Thin  vertical  section  of  coal  (X  10)  from  the  Oak  mine, 
first  joot;  By  Thin  vertical  section  of  coal  (X  20)  from 

the  Oak  mine,  first  foot 146 

XLV.  Ay  Thin  vertical  section  of  coal  (X  10)  from  the  Oak  mine, 
second  foot;  J5,  Thin  vertical  section  of  coal  (X  20) 

from  the  Oak  mine,  second  foot 147 

XLVI.  Ay  Thin  vertical  section  of  coal  (X  10)  from  the  Oak  mine, 
third  foot;  By  Thin  vertical  section  of  coal  (X  20)  from 

the  Oak  mine,  third  foot 148 

XLVII.  Ay  Thin  vertical  section  of  coal  (X  10)  from  the  Oak  mine, 
fourth  foot;  By  Thin  vertical  section  of  coal  (X  20)  from 

the  Oak  mine,  fourth  foot 149 

XLVIII.  A,  Thin  vertical  section  of  coal  from  the  Oak  mine,  fifth 

foot  (X  20);  By  Area  from  Plate  XLIV,  A  (X  200) 150 

XLIX.  Ay  Part  of  section  shown  in  Plate  XLIV,  A;  By  Layer  of 

dull  coal  from  the  same  section  shown  in  Plate  XLIV,  A .       163 
L.  A,  Thin  vertical  section  of  coal  (X  200)  from  the  Oak  mine, 
second  foot;  B,  Another  thin  vertical  section  of  same  coal 

as  -4 164 

LI.  Ay  Thin  vertical  section  of  coal  ( X  200)  from  the  Oak  mine, 

second  foot;  £,  Part  of  section  shown  above  (X  1,000). .      166 
LII.  Ay  Thin  vertical  section  of  coal  (X  200)  from  the  Oak 
mine,  second  foot;  By  Another  cross  section  from  same 
coal  as  A  (X  200) 166 


Vni  CONTENTS. 

Page. 
Platb  LIII.  a,  Area  from  Plate  XLIV,  A  (X  200);  J5,  Area  from  Plate 

XLIV,  A  (X  1,000) 157 

LIV.  A  J  Thin  vertical  section  of  coal  ( X  200)  from  the  Oak  mine, 
second  foot;'J5,  Another  thin  section  of  coal  (X  200) 

from  the  Oak  mine,  second  foot 158 

LV.  Ay  Thin  vertical  section  of  coal  ( X  200)  from  the  Oak  mine, 
third  foot;  B,  Another  thin  section  from  the  third  foot 

of  coal,  Oak  mine  (X  200) 159 

LVI.  Ay  Thin  vertical  section  of  coal  (X  200)  from  the  Oak 
mine,  fourth  foot;  J?,  Another  thin  section  of  fourth-foot 

coal,  Oak  mine  (X  200) 160 

LVII.  Ay  Tliin  section  of  the  same  coal  sliown  in  Plate  I  AT, 
showing  cell  structure  of  anthraxylon  strips  (X  200); 
By  A  thin  section  of  the  same  coal  shown  in  Plate  LVI, 
showing  closely  packed  anthraxylon  strips  ( X  200) ....  163 
LVIII.  Ay  Thin  vertical  section  of  coal  from  the  Oak  mine,  fifth 
foot  (X  200);  By  Another  section  from  the  fifth  foot  of 

coal,  Oak  mine  (X  200) 164 

LIX.  Ay  A  thin  section  from  the  same  foot  of  coal  as  that  shown 
in  Plate  LVIII  (X  200);  B,  Tliin  section  of  anthraxylon 

with  resinous  inclusions  ( X  200) 165 

LX.  A,  Megasporangium  in  coal  from  the  Oak  mine  (X  200); 

By  Oharccal  in  coal  from  the  Oak  mine  ( X  200) 166 

LXI.  A,  Thin  horizontal  section  of  coal  from  the  Oak  mine,  first 
foot  (X  150);  By  Highly  magnified  area  from  the  same 

section  (X  1,000) 167 

LXI  I.  Ay  Thin  horizontal  pection  of  coal  from  the  Oak  mine, 
second  foot  (X  150);  By  Area  from  the  same  section, 

highly  magnified  (X  1,000) 168 

LXIII.  Thin  vertical  section  of  coal  from  the  Experimental  mine 

(X  200) : 1G9 

LXIV.  Continuation  from  Plate  LXIII 170 

LXV.  Continuation  from  Plate  LXIV 173 

LXVI .  Continuation  from  Plate  LXV 174 

LXVII.  Thin  vertical  section  of  coal  from  Experimental  mine, 
shows  spore-exinea,  anthraxylon  chips,  and  more  highly 

carbonized  matter 175 

LXVIII.  Thin  vertical  section  of  coal  from  Experimental  mine, 
shows  macerated  anthraxylon  and  well-]>re8erved  bark 

tissue 176 

LXIX.  Ay  Thin  vertical  section  of  coal  from  the  Experimental 
mine,  showing  strip  of  anthraxylon;  B,  Tliin  vertical 
section  of  coal  from  Experimental  mine,  shows  typical 

appearance  of  attritus 177 

LXX.  Ay  Area  from  sections  hown  in  Plate  LXIX,  JB  (X  1,000); 
By  Another  area  from  the  section  shown  in  Plate  LXIX, 

B(X  1000) 178 

LXX  I.  A,  Thin  horizontal  section  of  coal  from  the  Experimental 
mipe,  cut  through  humic  layer  and  anthraxylon  chij) 
(X  150);  By  Tliin  horizontal  section  of  coal  from  Exper- 
imental mine,  cut  through  humic  attritxis 179 


CONTENTS.  IX  ' 

Pacv. 
Plate  LXXII.  A,   Vascular  Ptrand   embedded  in  attritus,   coal  from 

Experimental  mine;  B,  Thin  horizontal  section  of 
coal  from  Experimental  mine,  cut  through  tvo  over- 
lapping anthraxylon  chips 180 

LXXIII.  Ay  Tissues  in  coal  from  Experimental  mine;  Bj  Sporan- 
gium in  attritus,  coal  from  Experimental  mine 183 

LXXIV.  Ay  General  appearance  of  attritus,  coal  from  Experimental 
mine;  By  Resinous  particles  in  coal  from  Experimental 

mine  (X  200) 184 

LXXV.  Ay  Area  from  section  shown  in  Plate  LXXfV,  B  (X  1,000); 
By  Thin  horizontal  section  of  coal  from  the  Experimental 
mine,  showing  anthraxylon  and  spore-exines  in  attritus 

(X  1,000) '. 186 

LXXVI.  Ay  Thin  horizontal  section  (X  1,000)  of  coal  from  the 
Experimental  mine,  through  carbonaceous  attritus; 
By  Another  section  (X  1,000)  of  coal  from  Experimental 

mine,  through  carbonaceous  attritus 186 

LXXV  11.^,  Thin  vertical  section  of  coal  from  Madison ,  Pa.  ( X  200) ; 

By  Area  from  near  center  of  same  section  (X  1,000) 187 

LXXVIII.  Ay  Resinous  and  nonresinous  strips  of  anthraxylon  in 
Pittsburgh  coal  from  an  unknown  locality  (X  200); 
By  Section  of  Pittsbuigh  coal  from  an  unknown  locality.  188 
LXXIX.  Ay  Thin  vertical  section  of  coal  from  the  Pittsburgh  bed, 
through  a  layer  rich  in  humic  apd  in  carbonaceous 
mattet ;  JB,  Part  of  the  section  shown  above  ( X  1,000) . . .  189 
LXXX.  A,  Thin  cross  section  of  coal  from  the  Pittsburgh  bed, 
showing  a  layer  rich  in  hiunic  matter  (X  200);  By  Part 

of  same  section  (X  1,000) 190 

LXXX  I.  Ay  Another  part  of  the  section  shown  in  Plate  LXXX, 
-4  (X  1,000);  By  Thin  cross  section  of  cuticle  in  Pitts- 
burgh coal  (X  200) 193 

LXXX II.  Spore-exines  and  a  pollen  grain  from  the  Pittsburgh  coal .       194 
LXXXIII.  Thin  vertical  section  of  Pittsburgh  coal,  showing  barklike 

tissues 195 

LXXXIV.  Thin  vertical  section  of  coal  from  Carbon  Hill,  Ala.(X  200).      196 
LXXXV.  Thin  section  of  coal  from  Carbon  Hill,  Ala.,  showing  an 

anthraxylous  layer  (X  200) 197 

LXXX VI.  Thin  vertical  section  of  coal  from  Carbon  Hill,  Ala.,  show- 
ing a  layer  of  humic  attritus  (X  200) 198 

LXXX VII.  Thin  vertical  section  of  coal  from  Carbon  Hill,  Ala.,  show- 
ing character  of  anthraxylon  components  ( X  200) 199 

LXXXVIII.  Ay  Typical  cross  section  of  attritus  of  coal,  from  Carbon 

Hill,  Ala.  ( X  200) ;  By  Part  of  the  same  section  ( X  1,000) .      200 
LXXXIX.  Ay  Thin  vertical  section  of  coal  from  the  Hart-Williams 

mine;  By  Part  of  the  same  section  (X  1,000) 203 

XC.  Ay  Part  of  a  thin  vertical  section  of  coal  from  the  Hart- 
Williams  mine  (X  1,000);  JB,  Another  part  of  the  same 

section  (X  1,000) 204 

XCI.  Ay  Thin  vertical  section  of  one  of  the  larger  anthraxylon 
components  in  coal  from  the  Hart- Williams  mine,  Ben- 
ton, 111. ;  By  Thin  vertical  section  of  coal  from  the  Benton 

mine,  Benton,  III. ,  showing  general  appearance 205 

XCII.  Ay  Thin  vertical  section  of  coal  from  Zeigler,  111.;  By 

Typical  cross  section  of  the  Zeigler  coal 206 


X  CONTENTS. 

Piftge. 
Plate  XCIII.  A,  Thin  vertical  section  of  Zeigler  coal,  showing  strips  of 

anthraxylon;  B,  Thin  verticsil  section  of  Zeigler  coal, 

showing  anthraxylon  structure 207 

XCIV.  A,  Thin  vertical  section  of  coal  from  Zeigler,  III.,  showing 
typical  lamination;  B,  Thin  vertical  section  of  Zeigler 

coal  showing  general  character  of  certain  laminae 208 

XCV.  A,  Part  of  the  section  shown  in  Plate  XCIV,  J5,  from  the 
middle  of  level  1-D  (X  1,000);  5,  Part  of  the  section 
shown  in  Plate  XCIV,  B,  from  the  level  6-D  (X  1,000).      209 
XCVI.  A  J  Part  of  an  area  just  outside  the  section  shown  in  Plate 

XCIV,  B,  ( X  1,000) ;  B,  Part  of  the  same  area  ( X  1 ,000) .      210 
XCVII.  A,  Thin  vertical  layer  of  Zeigler  coal,  representing  a  layer 
humic  attritus;  B,  Part  of  the  lamina  3-D,  shown  above 

(X  1,000) 213 

XCVIII.  A,  Thin  vertical  section  of  a  layer  of  an  Illinois  coal,  show- 
ing cuticles  and  other  degradation  products  of  leaves; 
Bf  Section  of  a  similar  layer  showing  pairs  of  cuticles 

closely  united 214 

XCIX.  Af  Thin  horizontal  section  showing  general  appearance  of 
the  Zeigler  coal  (X  150);  J5,  Another  thin  section  of  the 

Zeigler  coal,  shows  anthraxylon  matter 215 

C.  A,  Tbm  vertical  section  of  the  coal  from  Sesser,  III. ;  B, 

Part  of  the  same  section  ( X  200) 216 

CI.  ^,  Thin  cross  section  of  the  ** bright  coal"  shown  in  Plate 

XXIV,jB;B,Partofthe8ectionshowninCI,^(X  1,000).      217 
CI  I.  Ay  Another  part  of  the  section  shown  in  Plate  CI,  -4  (X 

1 ,000) ;  B,  Thru  vertical  section  of  anthraxylon  ( X  200) .      218 
cm.  Ay  Thin  vertical  section  of  anthraxylous  material  in  coal 
from  Sesser,  III.  (X  200);  B,  Section  of  Sesser  coal  show- 
ing resinous-appearing  particles  (X  200) 219 

CIV.  Ay  Thin  cross  section  of  Sesser  coal,  showing  coarseness  of 
humic  matter  (X  200);  iB,  Part  of  section  shown  above 

(X  1,000) - 220 

CV.  Ay  Thin  cross  section  of  the  Sesser  coal,  showing  appear- 
ance of  spore-exines  (X  1,000);  J?,  Thin  cross  section  of 

the  Zeigler  coal,  showing  spore-exines  ( X  1,000) 223 

CVI.  Ay  Thin  cross  section  of  coal  from  Royalton,  III.  (X  10); 

By  Part  of  the  same  section  (X  200) 224 

CVII.  A,  Thin  cross  section  of  the  "bright  coal"  or  anthraxylon 

of  the  Royalton  coal  ( X  200);  By  Cross  section  of  another 

anthraxylon  component  of  the  Royalton  coal  (X  200). . .      225 

CVIII.  Ay  Thin  vertical  section  through  the  "dull  coal"  of  the 

Royalton  coal  (X  200);  B,  Part  of  the  same  section 

(X  1,000) 226 

CIX.  Ay  Another  typical  cross  section  of  the  "dull  coal"  in 
Royalton  coal  (X  200);  By  Part  of  the  same  section 

(X  1,000) 227 

ex.  Ay  Thin  vertical  section  of  the  Royalton  coal,  showing 
similarity  with  Zeigler  coal  (X  200);  By  Part  of  the  same 

section  (X  1,000) 228 

CXI.  Ay  Spore-exine  from  the  coal  from  Zeigler,  111.  (X  1,000); 
B,  Spore-exine  from  the  coal  from  the  Hart-WiUiams 

mine,  near  Benton,  I11.(X  1,000) 229 

CXII.  Spore-exines  at  high  magnification 230 


GONTEirrS.  21 


Plate  CXIII.  A,  Cuticle  from  the  lUinoifi  coal  (X  100);  B,  Spar^-exine 

in  coal  from  ShelbyvUle,  111.  (X  1,000) 233 

CXrV.  A,  Thin  vertical  section  of  coal  frt)m  Shelbyville,  HI. 

(X  200);  B,  Part  of  same  section  (X  1,000) 234 

CXV.  Af  Thin  vertical  section  showing  general  appearance  of  the 
"dull  coal"  in  coal  from  Shelbyville,  111.;  5,  Part  of 

samesection(X  1,000) 235 

CXVI.  Ay  Another  typical  cross  section  of  the  Shelbyville  coal 

(X  200);  B,  Part  of  the  same  section  (X  1,000) 236 

CXVII.  Spore-exines  from  the  coal  from  Shelbyville,  111 237 

CXVIII.  A,  Megaspore-exine  in  the  coal  from  Shelbyville,  HI. 
(X  35);  By  Some  of  the  smaller  megaspore-exlnes  in  the 

ShelbyviUe  coal  (X  35) 238 

GXIX.  A,  Three  megaspore-exines  isolated  from  coal  from  Shelby- 
ville, m.  (X  35);  B,  Cross  section  of  coal  from  Shelby- 
ville, 111.,  showing  megaspore-exines  in  situ  (X  35) 230 

CXX.  Leaf  tissues  in  coal  from  Shelbyville,  ni 240 

CXXI.  A  J  Thin  vertical  section  of  the  coal  from  Buxton,  Iowa 

( X  10) ;  -B ,  Vertical  section  of  the  same  piece  of  coal  ( X 10).      243 
CXXII.  A,  Thick  vertical  section  of  coal  from  Buxton,  Iowa,  low 
magnification;  B,  Horizontal  cleavage  surface  of  coal 

from  Buxton,  Iowa ^..      244 

CXXIII.  Horizontal  cleavage  surface  of  anthraxylon  (X  5) 245 

CXXrV.  A,  Thin  vertical  section  of  the  coal  from  Buxton,  Iowa, 
showing  general  appearance  at  high  magnification 
(X  200);  B,  Thin  vertical  section,  typical  of  the  Buxton 

coal  (X  200) 246 

CXXV.  A,  Thin  vertical  section  of  the  coal  from  Buxton,  Iowa, 
showing  appearance  of  resinous-carbonaceous  attritus; 
£,  Thin  vertical  section  of  the  coal  from  Buxton,  Iowa, 

showing  characteristic  laminations 247 

CXXVI.  A,  Thin  vertical  section  of  the  coal  from  Buxton,  Iowa, 
showing  irregular  anthraxylon  laminations  (X  200); 
By  Thin  vertical  section  of  the  coal  from  Buxton,  Iowa, 

showing  resinous  sheets  and  pyrite  granules  ( X  200) 248 

CXXVII.  Ay  Thin  vertical  section  of  coal  from   Buxton,   Iowa, 
showing    spore-exines    and  earthy  and  carbonaceous 

matter;  5,  Part  of  saine  section  (X  1,000) 249 

CXXVII  I.  Ay  Thin  horizontal  section  of  coal  from  Buxton,  Iowa,  rep- 
resenting mostly  anthraxylon  (X  200);  J5,  Thin  hori- 
zontal section  of  the  coal  from  Buxton,  Iowa,  show- 
ing humic  matter  and  attritus  (X  200) 250 

CXXIX.  Ay  Thin  horizontal  section  of  the  Buxton  coal,  showing 

attritus;  5,  Part  of  the  same  section  (X  1,000) 253 

CXXX.  Ay  Megaspore-exines  isolated  from  coal  from  Buxton,  Iowa 

(X  35);  B,  Another  group  of  m^;aspore-exinee  (X  35). .      254 
CXXXI.  Cross  sections  of  m^iaspores  in  coal  from  Buxton,  Iowa 

(X40) 255 

CXXXII.  Spore-exines  in  coal  from  Buxton,  Iowa 256 

CXXXIII.  A,  Part  of  a  sporangium  in  the  coal  from  Buxton,  Iowa 

( X  200);  By  Another  part  of  the  same  sporangium  ( X  200) .      257 
CXXXIV.  Ay  Wall  of  sporangium  shown  in  Plate  CXXXIII  ( X  1,000); 
By  Spore-exine  mass  in  the  sporangium  wall  shown  above 
(X  1,000) 258 


Xn  CONTENTS. 


Plats  OXXXV.  Spores  partly  covered  with  ramenta,  in  the  Illinois  coals.      259 
CXXXVI.  Spore-exines,  pollen  grain,  and  cuticle  in  coal  from  Bux- 
ton, Iowa 260 

CXXXVII.  A,  Thin  vertical  section  of  coal  from  the  Sipsey  mine,  Ala., 

at  low  magnification  (X  10);  By  Thin  vertical  section  of 

coal  from  the  Sipsey  mine,  showing  attritus  (X  200) 262 

CXXXVIII.  A,  Thin  vertical  section  of  the  coal  from  the  Sipsey  mine, 

showng  anthraxylon  and  "dull  coal"  layers  (X  200); 
B,  Thin  vertical  section  of  the  coal  from  the  Sipsey  mine, 

sho^ving  spore-exines  and  anthraxylon  (X  200) 264 

CXXXIX.  A,  Part  of  the  section  shown  in  Plate  CXXXVIII,  B 
(X  1,000);  JB,   Another  part  of  the  section  shown  in 

Plate  CXXXVIII,  B  (Xl,000) 265 

CXL.  A,  Cell  tL<«ue  in  coal  from  the  Sipsey  mine  (X  200);  iB,  Part 

of  the  same  section  (Xl,000) 266 

CXLI.  Ay  Thin  horizontal  section  of  the  coal  from  the  Sipsey  mine; 

B,  Spore-exine  from  the  Sipsey  coal  (X  1,000)., 267 

CXLI  I.  Vertical  fracture  of  the  coal  from  the  Vandalia  mine,  near 

Terre  Haute,  Ind.  (X  2) 268 

CXLIII.  Ay  Thin  vertical  section  r)f  coal  from  the  Vandalia  mine, 
at  low  magnification;  B,  Another  vertical  section  of  the 

Vandalia  coal  at  low  magnification 269 

*  CXLIV.  Ay  Thin  horizontal  section  of  the  Vandalia  coal,  at  low 
magnification;   JB,   Another  horizontal  section  of  the 

Vandalia  coal  at  low  magnification 270 

CXLV.  Aj  Thin  horizontal  section  of  Vandalia  coal,  cut  obliquely 
through  layer  of  attritus  (X  150);  J?,  Oblique  section 

.  through  strip  of  anthraxylon  ( X  150) 273 

OXLVI.  -4,  Thin  vertical  section  of  coal  from  the  Vandalia  mine, 
showing  various  components  (X  200);  jB,  Another  thin 
vertical  section  of  the  coal  from  the  Vandalia  mine, 

showing  various  components  ( X  200) 274 

OXLVIT.  A,  Thin  vertical  section  of  coal  from  the  Vandalia  mine, 
showing  much  resinous  matter  (X  200);  B,  Another  thin 
vertical  section  of  the  coal  from  the  Vandalia  mine, 

showing  resinous  layers  (X  200) 275 

(^XLVllI.  A,  Thin  vertical  section  of  coal  from  the  Vandalia  mine, 
showing  anthraxylon,  mixed  attritus,  and  resinous  layer 
(X  200);  By  Thin  vertical  section  of  the  Vandalia  coal, 

showing  layers  of  different  constituents  (X  200) 276 

CXUX.  -1,  The  first  of  a  series  of  three  sections  f)f  Vandalia  coal, 
repiesenting  resinous  anthraxylon  in  various  stages  of 

decay;  By  Second  section  of  the  series  ( X200) 277 

CL.  A,  Third  section  of  the  series,  showing  decay  of  resinous 
anthraxylon  (X  200);  B,  Thin  vertical  section  of  the 

Vandalia  coal,  very  highly  magnified  (X  1,000) 278 

CLI.  Ay  Cross  section  of  the  stem  of  a  fossil  medullosa  (X  5); 

By  Longitudinal  section  of  inner  cortex  (X  10) 279 

CLII.  Longitudinal  section  of  a  stele  and  the  inner  cortex  shown 

in  Plate  CLI,  A  (X  10) 280 

CLUI.  Longitudinal  section  of  inner  and  outer  cortex  shown  in 

Plate  CLI,  A  (X  10) 283 


CONTEXTS.  Xm 

Page. 
Platb  CLIV.  -4,  Medullosa-like  structure  in  coal  from  Shelbyville^  111. 

(X  10);  B,  Another  horizontal  fracture  in  Shelbyville 

coal,  showing  medullosa-like  structin-e  ( X  10) 284 

CLV.  Medullosa-like  structure  in  coal  from  Zeigler,  111.  ( X  5). . .      286 

CLVI.  Rodlets  in  coal  from  Royalton,  111.  (X  25) 286 

CLVII.  A,  Fungal  hyphae  in  coal  from  Vandalia,  Til.  (X  1,000); 
By  Another  section  showing  fungal  hyphae  in  coal  from 

Vandalia,  lU.  (X  1,000) 1 287 

CLVII  I.  A,  BodieB  like  fungal  spores  in  coal  from  the  Experimental 

mine  (X  150);  B,  Part  of  same  section  (Xl,000) 288 

CLIX.  A,  Another  area  from  the  section  shown  in  Plate  CLVII  I, 
A  (X  1,000);  B,  A  third  area  from  the  section  shown  in 

Plate  CLVII  I, -4  (X  1,000) 289 

CLX.  A  J  A  section  of  coal  from  the  Experimental  mine,  showing 
unknown  organisms  (X  1,000);  J?,  Another  view  of 
unknown  organisms  in  coal  from  the  Experimental 
mine(X  1,000) 290 


2  STRUCTUEE  IN  PALEOZOIC  BITUMINOUS  COALS. 

geologists  known  the  true  nature  of  coal  they  could  not  have  made 
this  mistake  nor  many  others  made  in  the  past. 

To  fill  in  a  few  of  these  gaps  and  to  clarify  some  of  the  existing 
confusion  is  the  aim  of  this  paper. 

The  immediate  cause  that  led  the  author  to  investigate  further 
the  composition  of  coal  and  the  origin  and  structure  of  its  consti- 
tuents was  that  when  an  attempt  was  made  to  discover  the  meaning 
of  the  coking  and  noncoking  properties  of  coal  a  more  exact  knowl- 
edge of  the  nature  of  coal  was  required  than  was  then  available. 

THE  COALS  STUDIED. 

The  coals  that  formed  the  basis  of  the  study  described  in  this 
bulletin  were  selected  from  the  following  localities:  From  the 
Pittsburgh  bed  at  the  Oak  mine,  a  short  distance  south  of  Pitts- 
burgh, Pa.,  at  the  experimental  mine  of  the  Bureau  of  Mines  near 
Bruceton,  Pa.,  at  the  Keystone  mine,  Madison,  Pa.,  and  several  sam- 
ples from  unknown  places  collected  in  Pittsburgh  from  coal  for  do- 
mestic purposes ;  from  the  Jagger  bed,  at  the  No.  11  mine  of  the  Gal- 
loway Coal  Co.,  Carbon  Hill,  Walker  County,  Ala. ;  from  the  Black 
Creek  bed  at  the  Sipsey  mine,  Maryland  Coal  &  Coke  Co.,  Sipsey, 
Walker  County,  Ala.;  from  Consolidated  Coal  Co.  mine  No.  18, 
Buxton,  Monroe  County,  Iowa ;  from  Bed  No.  5,  at  the  No.  82  mine 
of  the  Vandalia  Coal  Co.,  near  Terre  Haute,  Vigo  County,  Ind.; 
from  Bed  No.  6  (Herrin  coal),  at  the  mine  of  the  Hart- Williams 
Coal  Co.,  near  Benton,  the  mine  of  the  Benton  Coal  Co.  near  Ben- 
ton, the  Zeigler  mine  of  the  Bell  and  Zoller  Coal  Co.  at  Zeigler,  the 
north  mine  of  the  Franklin  Coal  &  Coke  Co.,  at  Royalton,  and  a 
mine  near  Sesser,  these  five  mines  all  in  Franklin  County,  111. ;  and 
from  Bed  No.  14  in  the  "  barren  measures,"  McLeansboro  formation, 
near  Shelbyville,  Shelby  County,  111.  Comparisons  were  made  with 
coals  from  other  localities  and  other  parts  of  the  world,  as  from 
China,  Japan,  New  South  Wales,  and  England. 

The  coal  samples  were  collected  according  to  the  standard  method 
of  sampling,  except  the  coals  from  the  Oak  mine  in  the  Pittsburgh 
bed,  where  a  series  at  intervals  of  a  foot  were  colle<;ted,  the  coal  from 
the  Royalton  mine,  samples  of  which  were  collected  from  near  the 
top,  the  middle,  and  just  below  the  carbonaceous  shale  band,  and 
the  samples  from  the  Buxton  mine,  which  were  collected  in  a  series 
from  top  to  bottom. 

HISTORICAL  REVIEW. 

THE  WOODY  STETJCTITEE  IN  COAL,  Aim  THE  MEANING  OF  THE 
ALTEBNATING  DVLL  AND  BBIGHT  LAIONiE.    - 

The  knowledge  of  the  woody  structure  in  coal  has  been  obtained 
largely  from  fractures  horizontal  to  the  bedding  planes,  and  to  some 
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extent  from  the  so-called  impressions,  but  mainly  from  the  charcoal 
present  in  almost  every  coal.  Very  little  structure  seems  to  have 
been  observed  in  the  compact  coal ;  what  was  at  one  time  supposed  to 
be  the  structure  of  wood  later  proved  to  be  not  that  of  wood  at  all 
but  thin  flat  strips  derived  from  woody  tissues.  The  latest  verdict 
even  goes  so  far  as  to  say  that  no  woody  structure  has  been  pre- 
served in  coal  except  in  the  charcoal. 

Since  the  earliest  investigations  all  ordinary  coals  were  known  to 
contain  compact  coal  and  charcoal,  also  called  "  mother  of  coal," 
compact  coal  forming  by  far  the  larger  proportion.  The  compact 
coal  in  turn  is  composed  of  two  kinds,  a  bright  and  a  dull  coal.  The 
dull  coal  has  been  called  by  various  authors, "  dull  coal,"  "  matt  coal," 
"  canelloid  coal,"  and  "  sapanthrakon,"  while  the  bright  bands  have 
been  called,  "  bright  coal,"  "  glanz  coal,"  "  humus  coal,"  "  jet  coal," 
"  carbohumin,"  and  "  hydrociirbon."  But  the  true  significance  of 
these  two  kinds  has  never  been  definitely  explained.  In  order  to 
discuss  clearly  the  alternating  bright  and  dull  ba^ds  and  the  woody 
structure,  the  results  and  interpretations  of  investigations  since  the 
time  that  a  minute  examination  of  coal  was  begun  are  briefly  re- 
coimted. 

HENBY  WITH  AM,  1831-1832. 

Witham,"  who  was  the  first  to  make  thin  coal  sections,  saw  and 
illustrated  a  confused  cellular  tissue  that  seemed  to  him  to  be  that 
of  vascular  plants.  As  he  found  and  illustrated  the  same  bodies 
in  a  6annel  coal,  evidently  they  were  not  cell  structures  of. vascular 
plants,  but  cross  sections  of  spores.  Hutton,*  who  examined  coals  from 
Newcastle  and  the  surrounding  territories  in  England,  thought  that  the 
ordinary  splint  or  slate  coal  was  composed  of  cannel  coal  and  coking 
coal  arranged  in  thin  alternating  layers  because  of  the  remarkable 
bodies  seen  in  the  sections  made  by  Witham.  The  layers  of  cannel  coal 
he  found  to  be  composed  largely  of  light  wine-colored  cells,  and  few  of 
them  could  be  found  in  the  layers  of  the  coking  coal.  In  the  best  por-  ^ 
tions  of  the  coal,  the  "  most  homogeneous  and  the  most  crystalline  ^ 
parts  in  which  the  plant  texture  had  been  obliterated  entirely,  these 
cells  could  not  be  found  at  all.    The  coking  coal  was  the  best  and  the 

« witham,  Henry,  On  the  general  resalts  of  botanical  investigation  concerning  the 
character  of  the  ancient  flora  which  by  its  composition  has  furnished  the  material  of 
coal  seams :  Bept.  Ist  and  2d  meetings  British  Ass'n  Adv.  Scl.,  18dl  and  18S2,  p.  78 ; 
On  fossil  vegetation  :  Kept.  1st  and  2d  meetings  British  Ass'n  Adv.  ScL,  1831  and  1832, 
p.  578.  Bennie,  James,  and  Kidston,  Robert,  On  tbo  occurrence  of  spores  in  the  Carbon- 
iferous formation  of  Scotland ;  Proc.  Roy.  Phys.  Soc.  Edinburgh,  vol.  9,  1886-1888,  pp. 
82-117. 

*  Button,  W.,  Observations  on  coal.  London  and  Edinburgh  Mag.  and  Joar.  of  Sx:ienoe» 
vol.  2,  1883,  pp.  302-304. 
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largest  proportion  of  the  coal.  In  all  of  the  varieties  of  coals  he 
observed  some  plant  structure.  It  is  quite  evident  from  what  is  now 
known  of  coal,  that  the  layers  called  coking  coal  by  Hutton  were 
the  anthraxylon  components,  and  the  layers  of  cannel  coals  were  the 
iittritus  in  which  the  anthraxylon  components  were  embedded,  ex- 
actly as  in  the  coals  of  this  country. 

EBIEDEBICK  LINK,   1888. 

Link«  could  not  find  any  woody  structure  in  the  coals  except  in 
the  charcoal,  or  mother  of  coal.  He  believes  that  what  Hutton  saw 
was  not  the  structure  of  wood  but  something  else,  otherwise  he 
would  have  spoken  of  wood  fibers  and  not  confined  himself  entirely 
to  cells. 

H.  E.   GOPPEBT,   1840-1848. 

All  the  observations  and  identifications  of  plants  made  in  the  list 
of  Goppert's  *  memorable  study  was  of  horizontal  cleavage  fracture, 
and  particularly  of  the  charcoal.  He  almost  always  speaks  of  im- 
pressions, and  mentions  the  stems,  "  or,  more  properly,  their  barks," 
lying  flat  one  upon  another  without  the  inner  parenchyma.  The 
latter  sometimes  was  preserved  also  and  converted  into  coal — often 
so  well  preserved  that  the  cells  could  still  be  recognized  under  the 
microscope.  As  Goppert  never  mentioned  thin  sections  his  micro- 
scopic examinations  were  presumably  of  small  fragments  of  coal, 
and  most  likely  of  the  horizontal  faces  of  very  thin  chips  or  splinters 
that  he  frequently  mentions. 

JOHN  QUECKETT,  1853. 

Queckett,*^  in  comparing  cannel  coal  with  the  Torbane  Hill  mineral, 
points  out  the  woody  structure  in  cannel  coal  in  which  cells  and 
fibers  may  be  recognized  distinctly.  But  from  his  illustrations, 
which  probably  are  very  good  representations  of  what  he  saw,  his 
"cells"  were  cross-sections  of  spores  and  his  "fibers"  were  thin 
layers  of  woody  coal  or  the  anthraxylon  components. 

•LiDk,  Frlederlck,  Ueber  den  TJrsprung  der  Stelnkohlen  and  Braunkohlen  nach  mikro- 
BkopiBchen  Untersuchungen :  Abhandl.  K.  Akad.  Wls&  Berlin,  1838,  pp.  33-44. 

*GOpperi,  H.  E.,  Uber  die  Verbredtung  der  fossilen  Gew&chse  In  der  Steinkohlenfor- 
maUon :  Schlesische  Gescll.  Ubersicht,  1840,  pp.  74-77 ;  Uber  die  Holzarten  in  den 
braunkohlenartlgen  Ablagerungen  :  Kartstens  Archlv.,  Bd.  18,  1844,  pp.  527-529 ;  ITber 
das  verhfiltnlss  der  Boghead  Parrot  Cannelcoal  zur  Steinkoble :  Dingl.  poly.  Jour.,  Bd. 
145,  1857,  pp.  212-217 ;  Abhandlung.  elngesandt  als  Antwort  auf  die  Prelsfrage — "  Man 
Bnche  durch  genaue  Untersucbungen  darzathun,  ob  die  Stelnkoblenlager  auE.  Pflanzen 
cntstanden  seln.  welche  an  den  Stellen,  wo  Jene  gefunden  werden,  wuchscn  ;  oder  ob  diese 
Pflanzon  an  anderen  Orten  lebten,  nnd  nach  den  Stellen,  wo  sich  die  Stelnkoblenlager 
beflnden  MngefUrt  warden  *' :  Nat  Verb.  Monatschr.,  Bd.,  4,  1848,  pp.  1-J298. 

«  Queckett,  John,  On  the  minate  structure  of  a  peculiar  combuRtlble  mineral  from  the 
coal  measures  of  Torbane  Hill,  near  Bathgate,  Linlithgowshire,  known  in  commerce  as 
Boghead  cannel  coal :  Trans.  Micros.  Soc.  London,  yol.  2,  1853,  pp.  34-66. 
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JOHN  BAIiFOUB>  1854. 

* 

Balfour*  calls  attention  to  the  same  error,  and  calls  these  same 
objects  "spaces  and  cavities." 

J.  W.  DAWSON,   1850-1866. 

Dawson  ^  appears  to  be  the  first  to  reco^ize  that  coal  is  composed 
of  compact  coal  and  mineral  charcoal,  and  that  the  compact  coal, 
by  far  the  larger  proportion  of  the  mass,  "  consists  of  lustrous  con- 
coidal  cherry  (or  pitch  coal),  or  of  less  lustrous  slate  coal  with  flat 
fracture,  or  of  coal  containing  much  earthy  matter  arranged  in  thin 
interrupted  laminae.  The  vegetable  matter  to  which  it  owes  its  origin 
has  been  transformed,  through  a  process  of  subaqueous  bituminous 
putrefaction,  into  a  nearly  homogeneous  mass  in  which  traces  of 
structure  and  of  flattened  plants  composing  it  are  still  recognizable. 
Dawson's  studies  convinced  him  that  the  "  bright  coal  "  had  its  origin 
in  the  barks  of  Sigillaria  and  allied  plants,  the  "  dull  coal "  came 
from  herbaceous  plants  and  molds,  and  the  wood  and  bark  tissues 
yielded  mineral  charcoal. 

On  a  close  analysis  he  found  that  the  layers  or  laminae  of  thei  cherry 
coal  or  pitch  coal  and  those  of  the  finer  varieties  of  slate  coal  showed 
on  the  surfaces  outlines  of  flattened  trunks,  but  that  the  laminae  of  the 
coarse  coal  seemed  to  consist  of  numerous  sublaminae  of  disintegrated 
vegetable  matter  mixed  with  mud.  Evidently  he  viewed  the  coal  on 
the  surfaces  only  and  not  through  thin  sections,  although  he  used  thin 
sections.  The  difficulty  probably  was  that  his  sections  were  not  thin 
enough  to  permit  him  to  recognize  the  cell  structure. 

THOMAS  H.  HTTXLET,  1870. 

Huxley  ^^  saw  wood  structure  in  the  charcoal  only  and  none  in  the 
coal  proper,  which,  he  observes,  constituted  the  larger  proportion  of 
all  bituminous  coal,  and  was  chiefly  composed  of  "  saccular  "  matter. 
Occasionally  he  observed  remnants  of  bark,  but  he  believed  the  wood 
of  the  plants  had  decayed,  and  that  none  of  it  was  left;  the  woody 
structures  observed,  except  in  the  charcoal,  were  only  the  imprints 
of  stems. 

W.  C.  WILLIAMSON,  1881. 

Williamson,*  like  Huxley  and  Dawson,  recognized  two  kinds  of 
coal — charcoal,  and  the  more  bituminous,  or  compact  coal.    Woody 

*  Balfonr,  J.  H.,  On  certain  vegetable  orKanlsms  found  in  coal  from  Fordel :  Trans.  Ray. 
Soc.  Edinbnrxh,  vol.  21,  1864,  pp.  187-193. 

*  Dawson,  J.  W.,  On  the  vegetable  structure  in  coal :  Quart.  Jour.  Geol.  Soc.  London, 
Toi.  15,  1850,  pp.  62&-641 ;  on  the  Condition  of  the  deposition  of  coal,  more  especially  as 
illustrated  by  the  coal  formation  of  Nora  Scotia  and  New  Brunswick :  Quart.  Joar.  GeoL 
Soc.  London,  vol.  22,  1866,  pp.  95-160. 

*  Hoxleiy,  T.  H.,  On  the  formation  of  coal :  Contemporary  Review,  vol.  15,  1870,  pp, 
618-628. 

'  WiUiamBon,  W.  C,  Preliminary  remarks  on  the  microscopic  structure  of  coal :  Rep. 
British  A88*n.  Adv.  ScL,  1881,  pp.  625-626. 
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structure  he  observed  in  the  charcoal  only.  The  compact  coal  he  con- 
cluded to  be  of  an  entirely  different  nature,  and  to  consist  of  two  com- 
ponents— (a)  spores  embedded  in  (&)  a  general  matrix  that  he  calls  a 
brown  plasm;  the  origin  of  this  plasm  he  believed  to  be  decayed 
vegetation,  but  he  left  the  question  open. 

G.  W.  VOK  GUEMBEL,  1883. 

Von  Guembel"  is  generally  conceded  to  have  furnished  the  most 
comprehensive  and  the  most  reliable  account  of  the  structure  of  coal. 
Up  to  his  time  the  knowledge  of  coal  was  mainly  obtained  through 
the  study  of  its  cleavage  surfaces,  which  have  been  interpreted  cor- 
rectly by  few  investigators.  Thin  sections  were  difficult  to  make,  and 
the  appliances  needed  for  observing  them  were  inadequate.  Guembel 
fortunately  adapted  a  process  employing  a  maceration  reagent 
which  was  used  by  Schulze^  to  purify  cellulose,  and  later  was  used 
in  the  endeavor  to  determine  cellulose  in  coal.  By  means  of  this 
reagent  Guembel  macerated  the  coals  to  various  degrees,  and  watched 
the  process  of  dissolution  imder  the  microscope,  and  in  that  way  he 
procured  more  accurate  information  concerning  coal  than  any<Mie 
had  obtained  before.  He  was  a  careful  and  conscientious  investigator 
and  gave  his  results  to  the  public  only  when  he  was  sure  of  his 
ground,  or,  at  the  most,  he  gave  suggestions  as  to  the  possible  con- 
clusions, and  in  that  way  he  presented  the  probability  of  important 
facts,  the  evidence  for  which  he  believed  to  be  inconclusive. 

Guembel  agrees  with  the  general  observation,  so  strongly  empha- 
sized by  Miick  and  Grand  'Eury  at  the  time,  that  coal  is  composed 
mainly  of  thin  layers  of  alternating  "  glanz  "  and  "  dull  coal,"  often 
with  interlayers  of  charcoal  in  the  form  of  scattered  debris  or 
of  solid  masses  or  strips.  He  thought  that  only  a  very  few  coal  beds 
consisted  predominantly  of  either  "  dull  coal "  or  of  "  glanz  coal," 
and  that  the  main  mass  in  some  beds  was  formed  of  charcoal. 

The  "  glanz  "  or  "  bright  coal "  he  describes  as  consisting  on  the 
whole  of  an  intensive  brown  mass,  apparently  without  structure 
when  seen  in  thin  chips.  When  treated  with  the  macerating  reagent 
it  revealed  only  very  small  traces  of  plant  structure,  but  he  recog- 
nized various  plant  tissues  in  it  when  he  further  treated  it  with 
alcohol  and  ammonia,  or  when  he  heated  it  with  the  macerating 
reagent.  Parenchymatous  cells,  such  as  occur  in  the  bark,  were 
chiefly  observed,  also  tissues  similar  to  those  of  wood,  parts  of  leaves 
revealed  through  the  presence  of  cuticles,  and  circular,  cuticular 
disks  or  spherical  bodies,  usually  called  spores.    He  rarely  failed 

•  Von  Gnembel,  C.  W.,  Beltrftge  snr  Kenntniss  der  Textur  yerMltnisse  der  Mineral- 
kohlon :  K.-b.  Akad.  Wlas.  Municb,  SltEungsber.  math.-phys.  Klasse,  Bd.  13,  18S3,  pp. 
111-216. 

^  Schulze,  Franz,  Ueber  das  Vorkommen  wohlerhaltenes  Cellulose  in  Braunkqhle  und 
Eteinkohle :  Bitzungsber.  K.  preuss.  Akad.  Wiss.  Berlin,  1866,  pp.  676-67b. 
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• 

to  recognize  abundant  plant  structure,  3'et  he  says  that  he  did  not 
succeed  in  obtaining  complete  evidence  that  the  whole  mass  of  coal 
included  distinguishable  plant  structures.  He  was  almost  convinced 
that  often  the  plant  substances  have  been  so  uniformly  transformed 
into  ^^  glanz  coal "  that  the  difference  between  the  tissues  and  the  fill- 
ings of  the  interstices  with  "  carbohumin ''  may  be  distinguished  only 
through  very  careful  treatment.  He  had,  no  doubt,  according  to 
observations  made  on  dopplerite,  perceived  that  true  structureless 
substances  form  part  of  certain  coal  deposits. 

The  "  dull  coal "  appeared  to  him  to  be  composed  almost  entirely 
of  fibrous  cells,  such  as  those  from  leaves  of  grasses,  with  paren- 
chymatous tissue,  a  few  spores,  and  a  few  scalariform  vessels. 

EDWABD  WETHEBED,  1885. 

Wethered*  also  distinguished  in  the  compact  coal  two  kinds — ^a 
bright  and  a  dull,  alternating  with  each  other.  He  found  the  "  dull 
coal ''  contained  numerous  spores  but  the  "  bright  coal "  few  or  none. 
The  "bright  coal"  consisted  of  a  structureless  dark-brown  mass, 
which  he  believed  was  mainly  composed  of  "hydrocarbon"  and  a 
very  important  component  of  coal.  The  so-called  bituminous  coals 
contained  more  of  it  than  the  others. 

H.  POTONlfi,  1006-1910. 

Potonie^  distinguishes  as  regards  origin  and  formation  three 
kinds  of  coal:  Sapropellic,  humus,  and  liptobiolithic.  The  sapro- 
pellic  coals  are  formed  from  true  aquatic  organisms,  both  plants 
and  animals,  through  a  process  of  putrefaction  under  exclusion  of 
oxygen.  When  these  are  of  Paleozoic  age  he  calls  them  sapan- 
thrakon  and  regards  them  as  equivalent  to  the  cannel  coals.  On  ac- 
count of  their  dull  appearance  he  also  calls  them  matt  coals.  The 
fiumus  coals  are  formed  primarily  through  a  process  of  decay  under 
partial  exclusion  of  oxygen  from  true  land  plants  preferring  moist 
conditions.  Under  the  microscope  the  humus  coals  show  components 
derived  from  higher  land  plants  and  embedded  in  a  flocculent, 
homogeneous  groundmass.  On  account  of  their  lustrous  nature 
they  are  also  called  glanz  coals.  Liptobiolithic  coals  have  been 
formed  from  land  plants  rich  in  resin,  resin-waxes  or  waxes,  which, 
on  account  of  their  resistant  nature,  were  left  behind  when  most  of 
the  cellulosic  matter  decayed. 

•  Wethered,  Edward,  On  the  Btracture  and  origin  of  carboniferous  coal  Beams :  Trans. 
Boy.  Micros.  Soc,  vol.  5,  1885,  pp.  406-410. 

»Potoni6,  H.,  Klassiflcation  und  Terminologie  der  regenten  brennbaren  Biolithe  and 
ihre  Lagerst&tten :  Abhandl.  E.  geol.  Landesantalt,  Bd.  48,  1906;  Die  Enstehnng  der 
Steinkohle,  and  der  Kanstobiolithe  liberbaapt,  wie  des  Torfes,  der  BraunkoMe,  dea 
PetrDleums,  a.  s.  w.,  1910. 
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As  all  laminated  coals  are  composed  of  alternating  sheets  of 
"  matt  coal "  and  "  glanz  coal,"  Potonie  conceived  them  to  be  com- 
posed of  alternating  layers  of  sapropellic  coals  (matt  coaLcannel 
coal)  and  humic  coals  (glanz  coal), and  the  phenomenon  to  have  been 
brought  about  imder  changing  conditions  during  coal-forming 
periods;  that  is,  during  ceitain  times,  when  the  water  was  high, 
sapropellic  (cannel  coal)  forming  conditions  prevailed,  and  at  other 
times,  when  the  water  was  relatively  low,  peat  or  humus  was  formed 
under  merely  moist  conditions.  Such  conditions  might  alternate 
many  times  during  the  deposition  of  a  coal  seam.  There  was,  so  to 
speak,  a  struggle  between  high  water  and  moist  or  swampy  condi- 
tions, and  a  laminated  coal  was  the  result. 

Potonie  considered  only  the  larger  anthraxylon  components 
alternating  with  the  debris  as  they  appear  to  do  in  small  pieces  of 
coal,  but  evidently  he  did  not  analyze  the  debris  so  as  to  become 
aware  that  it  is  also  composed  of  alternating  sheets  of  "  matt  coal " 
or  the  attritus,  and  "glanz  coal."  He  thought  that  the  layers  of 
"  glanz  "  or  humus  coals  were  composed  of  a  general  degradation 
of  land  plants  and  were  in  a  homogeneous  condition,  similar  to 
Wethered's  "  carbohydrate,"  and  that  they  did  not  consist  of  separate 
and  individual  components  that  had  been  at  one  time  pieces  of  stems 
or  wood ;  that  is,  pieces  of  anthraxylon  merely  embedded  in  a  debris, 
or  general  degradation  of  plants  contemporaneously  formed. 

JAMES  LOMAX,  1912. 

Lomax,«  after  examining  a  series  of  coals,  finds  that  they  are  not 
homogeneous,  but  contain  well-defined  structures,  and  most  of  them 
are  decidedly  laminated,  consisting  of  alternating  bands  of  bright 
and  dull  coal&  The  dull  laminae  are  composed  of  numerous  mega- 
spores  embedded  in  a  groundmass  composed  chiefly  of  microspores ; 
the  brighter  laminae  are  composed  of  microspores  in  a  groundmass  ot 
the  remains  of  leaves  and  other  plant  tissues  highly  compressed.  Some 
Qoals  have  less  spore  matter  and  more  bands  with  compressed  leafy 
residue,  with  here  and  there  woody  tissues  inclosed,  often  in  the 
form  of  mother  of  coal ;  but  the  real  nature  of  the  bright  coal  he 
does  not  perceive.  Lomax  concludes  that  coals  do  not  "contain  so 
great  a  quantity  of  material  derived  from  the  vascular  or  woody 
parts  of  plants,  such  as  stems  and  branches,  etc,  as  some  recent 
authors  have  led  one  to  believe.  In  fact,  there  is  little  evidence  that 
any  great  quantity  of  wood  enters  into  their  composition,  and  what 
there  is  occurs  in  the  form  of  charcoal  or  mother  of  coaL" 

The  coals  examined,  except  those  of  the  Trencherbone,  cannel,  and 
Silkstone  T/ops,  he  calls  purely  humic  coals,  mainly  composed  of 


"  Lomax,  James,  The  microscopic  examination  of  coal  and  Its  use  In  determining  the 
inflammable  constituents  present  therein :  Trans.  Inst.  Mln.  Bng..  vol.  42,  1912,  pp.  2-21. 
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the  droppings  of  trees  and  plants  in  the  form  of  spores,  fruits, 
leaves,  twigs,  and  sometimes  fragments  of  stems.  The  material  in 
the  brighest  and  hardest  ones,  he  thinks,  had  been  reduced  to  a 
pulpy  state  before  carbonization. 

SAMtJEL  GLOVEB,  1912. 

Glover,*  who  worked  on  Lomax's  preparations,  largely  shares  the 
views  of  Lomax.  He  observes  a  conspicuous  absence  of  cellulosic  or 
"  actual  vegetable  "  matter  such  as  tree  trunks,  branches,  twigs,  and 
other  woody  tissues.  The  only  remains  of  trunks  found  are  those  of 
erect  stumps  running  upward  through  the  coal  seam,  with  occasional 
branches  and  pieces  of  bark  near  the  top  of  the  deposit.  He  con- 
cludes that  the  English  coals  investigated  are  the  accumulations  of 
leaf-moulds  of  a  very  luxuriant  and  densie  vegetation. 

DAVID  WHITE  AlO)  BEIKfiABDT  THXESSEN,   1914. 

White  and  Thiessen^  seemingly  were  the  first  to  interpret  the 
alternating  bright  and  dull  laminae  in  the  few  bituminous  coals  so 
far  examined.  They  concur  in  the  old-time  observation  that  coal  is 
composed  of  alternating  bright  and  dull  layers,  but  they  go  a  step 
further  by  asserting  that  the  dull  layers  are  further  sublaminated 
into  "bright"  and  "dull"  laminsB,  the  sublaminae  often  being  of 
microscopic  thickness.  The  bright  laminae  represent  components 
that  were  at  one  time  parts  of  trunks  of  trees,  stems,  twigs,  and 
branches,  now  much  flattened  and  coalified.  The  dull  laminae  are 
derived  from  more  or  less  finely  divided  plant  substances ;  the  debris 
corresponds  in  every  respect  to  the  fine  black  matter,  or  fine  mud  in 
peat,  and  forms  the  groundmass  in  which  tlie  woody  components  are 
invariably  embedded. 

EDWABD  C.   JEFTBET,    1914-1915. 

Jeffrey^  also  concurs  with  the  general  observation  in  recognizing 
three  kinds  of  coals;  charcoal,  lignitoid  (bright  coal,  glanz  coal)  and 
canneloid  (dull  coal,  matt  coal).  In  the  ordinary  bituminous  coals 
these  three  kinds  occur  in  alternating  layers.  Plant  structure  has 
survived  only  in  the  charcoal.  The  canneloid  bands  of  the  bituminous 
coals  consist  of  a  dark  ground  substance  like  that  of  the  ordinary 
cannel  coals,  in  which  are  embedded  the  remains  of  flattened  spores. 
The  "lignitoid"  laminae  consist  of  highly  modified  wood,  and  are 
homogeneous,  having  entirely  lost  their  original  structure. 


•  Glover,  Samnel,  Notes  Introductory  to  the  study  of  coal  sections  under  the  micro- 
scope:  Jour.  Gasllghting,  etc..  vol.  20,  1912,  pp.  737-739. 

*  White,  David,  and  Thlessen,  Reinhardt,  Origin  of  coal,  Bull.  38,  Bureau  of  Mines, 
1914.  390  pp. 

'  Jeffrey,  Bdward  C,  On  the  composition  and  qualities  of  coal.     Econ.   Geol.,  vol  d, 
1914,  pp.  780-742 ;  The  mode  of  origin  of  coal :  Jour.  Geol.,  voL  23,  1915,  pp.  218-270. 
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Of  the  200  coals  or  more  examined  from  the  United  States  and 
many  other  coals  from  all  over  the  world,  Jeffrey  finds  none  that 
show  woody  structure  except  in  the  charcoal.  Although  he  con- 
curs with  the  view  that  the  bright  laminae  in  coal  are  derived  from 
the  woody  parts  of  plants,  he  seems  to  have  found  no  proof  for  this 
statement,  and  does  not  show  the  real  nature  of  the  lamiuse. 

GEOBOE  HICKIiING,  1917. 

Hickling*  agrees  with  White  and  Thiessen  in  the  interpretation 
of  the  "  bright  coal  "  and  the  "  dull  coal,"  in  his  paper  on  the  micro- 
petrology  of  coal.  But  he  differs  regarding  the  origin  of  certain  es- 
sential components  of  coal,  the  relationship  between  the  plant  tissues, 
whose  forms  are  visible  under  the  microscope,  and  the  actual  coal  sub- 
stances that  now  composes  the  visible  structures.  He  believes  it  pre- 
sumptuous to  assume  that  the  substance,  as  well  as  the  form,  of  the 
plant,  is  under  observation,  and  presumptuous  to  believe  that  the 
portion  of  the  coal  in  question  represents  the  actual  material  of  the 
original  plant  in  a  more  or  less  altered  condition.  In  regard  to  con- 
tents or  "  fillings  "  of  some  of  the  cells  in  some  remaining  fragments 
of  tissues,  Hickling  believes  that  the  substance  filling  these  cells  can 
have  no  connection  with  any  substance  that  may  have  been  present 
in  the  living  cell  itself.  He  believes  that  the  plant  fragments  became 
saturated  with  liquid  decomposition  products  of  other  vegetation, 
that  they  osmotically  reached  their  present  condition,  and  that  sub- 
sequent physicochemical  changes  have  solidified  them.  The  cell 
walls  themselves  have  doubtlessly  been  impregnated  with  the  same 
material  if  not  ultimately  replaced  by  it.  A  considerable  replace- 
ment of  the  walls  must  have  taken  place,  and,  therefore,  only  a  small 
fraction  of  the  mass  represents  the  original  cell  fibers  of  the  struc- 
tures that  are  still  visible. 

METHODS  OF  EXAMINING  SAMPLES. 
PEEFABATION  OF  THIN  SECTIONS. 

SELECTION  OF  THE  SPECIHEK. 

Examination  of  thin-gi'ound  sections  under  the  microscope  has 
proved  the  most  successful  and  most  satisfactory  method.  In  such 
thin  sections  the  coal  is  examined  in  its  original  chemical  and  physi- 
cal condition  and  natural  color.  Nothing  whatever  has  been  changed 
except  that  the  coal  has  been  ground  thin  enough  to  be  transparent. 
Sections  have  been  prepared  thin  enough  to  permit  photography 
through  the  microscope  at  a  magnification   as  high   as  2,000  di- 

«  Illckling.  George,  A  contribution  of  the  mlcropetrology  of  coal :  Trans.  Inst.  Mlln. 
Eng.,  vol.  53,  1917,  pp.  187-158 ;  abstracted  In  Coll.  Guard.,  vol.  113,  1917,  pp.  141-443, 
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ameters.    Some  skill,  experience,  and  patience,  however,  are  required 
to  prepare  them. 

A  piece  or  block  of  coal  with  few  cracks  or  checks  was  chosen  for 
preparation;  one  without  any  checks  is  best,  although  this  was  not 
always  possible  to  obtain. 

PBEPABATIOK  OF  THE  PLANE  SXJBPACE. 

The  block  chosen  was  cut  to  a  size  convenient  to  handle,  and  one 
surface  was  ground  to  the  size  desired  for  the  secticm.  The  larger 
the  section  the  more  difficult  it  is  to  grind,  but  the  greater  is  its 
value.  The  most  desirable  size  is  about  three-fourths  of  an  inch 
long  and  one-half  of  an  inch  wide.  The  surface. selected  for  the 
section  was  groimd  to  a  perfect  plane.  If  it  was  to  be  a  cross  sec- 
tion, it  was  ground  at  right  angles  to  the  bedding  planes;  if  it  was 
to  be  a  horizontal  section  it  was  groimd  as  nearly  horizontal  as 
possible  to  the  bedding  planes.  This  plane  surface  was  then  pol- 
ished to  remove  microscopic  scratches.  It  has  not  been  possible  to 
obtain  a  surface  entirely  free  from  such  scratches,  nor  is  it  advisable 
to  do  so,  as  the  time  spent  on  polishing  is  worth  more  than  the 
benefit  derived  from  a  scratchless  surface. 

The  first  rough  grinding  was  done  with  fine  powdered  carbo- 
rundum paste  on  a  wheel  of  carborundum  of  fine  texture.  When  the 
blocks  had  been  cut  down  to  the  plane  desired,  the  grinding  was  con- 
tinued on  the  same  carborundum  wheel  without  the  abrasive,  but 
with  a  fine  stream  of  water  playing  on  the  plane  until  the  surface 
was  quite  smooth.  Most  bituminous  coals  are  not  damaged  by  water 
if  soaked  for  a  few  minute  only.  Water  will  not  adhere  readily  to  a 
newly  cut  surface  because  of  the  differences  in  surface  tension. 
The  surface  was  then  smoothed  by  hand  on  a  very  fine  hone  on  which 
a  fine  stream  of  water  played.  From  time  to  time  the  hone  was 
rubbed  down  with  a  second  hone,  or  "rubber '  furnished  with  "  blue- 
stone  "  hones,  as  when  a  carpenter  makes  a  lather,  in  order  to  remove 
fine  particles  of  coal  that  are  apt  to  stick  or  gum  to  the  hone.  This 
last  process  polished  the  surface  enough  if  carefully  done ;  if  further 
polishing  was  found  necessary  the  surface  was  rubbed  carefully  on  a 
leather  block  strop. 

When  the  surface,  which  must  be  plane,  was  properly  polished, 
the  block  was  cemented  on  an  object  slide,  the  polished  surface  being 
toward  the  slide. 

THE  CEMENT. 

The  cement  used  to  cement  the  specimens  to  the  object  slide  was 
made  of  three  parts  of  Canada  balsam  and  two  parts  of  marine  glue, 
heated  together  in  a  drying  ove;n  at  a  temperature  of  about  105°  C. 
The  proper  consistence  was  determined  by  trial.  It  should  be  such 
that  the  cement  when  cooled  will  harden  and  yet  not  be  brittle.    The 
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success  of  the  process  depends  to  a  great  degree  on  proper  consistence 
of  the  cement.  When  a  portion  of  cement  had  been  prepared  it  was 
put  away,  protected  from  dust  and  heat,  for  future  use. 

WATEBPBOOFINa  THE  SPECIMENS. 

Before  the  block  was  cemented  to  the  object  slide  the  prepared 
surface  was  waterproofed.  Unless  this  was  done  the  section,  when 
it  became  quite  thin  during  the  next  step  of  grinding,  absorbed 
enough  water  to  cause  it  to  swell,  buckle,  and  finally  peel  off. 

Waterproofing  was  done  by  soaking  the  prepared  surface!  for  a 
few  minutes  in  paraffin  after  both  the  specimen  and  the  paraffin  had 
been  heated  to  about  105°  C. 

CEMENTING  THE  BLOCK  ON  THE  SLIDE. 

All  superfluous  paraffin  was  then  wiped  off  the  prepared  surface. 
The  object  slide  and  the  prepared  surface  with  a  bit  of  the  cement 
on  each  were  left  in  the  drying  oven  at  a  temperature  of  105°  C. 
until  the  cement  was  molten  and  contained  no  gas  bubbles.  The 
coal  was  pressed  with  a  clamp  onto  the  warmed  slide  as  close  to  it 
as  possible,  taking  care  that  no  air  bubbles  got  between  or  remained 
between  the  sample  and  the  slide,  and  that  the  clamp  was  screwed 
down  so  as  not  to  bend  the  block  of  coal  or  the  slide  and  spoil  the 
specimen.    It  was  then  left  to  cool  slowly  to  room  temperature. 

THE  SECOND  aSJNDING. 

After  the  preparation  had  cooled  the  block  of  coal  was  ground 
down  roughly  on  the  carborundum  wheel  with  the  aid  of  the  car- 
borundum powder  and  water.  Tlien  without  the  powder  and  after 
every  particle  of  the  carborundum  powder  had  been  rinsed  off  the 
section  was  carefully  ground  down  further  on  the  carborundum 
wheel  as  thin  as  could  be  done  without  endangering  it. 

THE  FINAL  GBINDING. 

The  section  was  finally  gi-ound  down  by  hand  on  the  fine  hone  and 
in  the  same  manner  as  in  the  first  step.  Great  care  had  to  be  taken  as 
the  section  approached  the  required  thinness.  To  keep  the  grinding 
even  the  section  was  examined  from  time  to  time  under  the  micro- 
scope. 

In  cold  weather  the  water  used  in  the  grinding  had  to  be  warmed 
to  room  temperature  or  slightly  higher. 

THE  FEEPAEATIGN  OF  POLISHED  STTEFACES  FOR  OBLIQTJE 

ULUMINATION. 

The  surfaces  for  this  method  of  examination  were  prepared  exactly 
as  the  plane  surface  for  thin  section,  except  for  the  final  finish. 
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After  the  surface  had  been  smoothed  enough  in  the  wet  way  on  the 
hone,  both  hone  and  specimen  were  carefully  dried.  The  grinding 
was  then  continued  with  long  even  strokes  in  one  direction  only 
until  the  surface  was  sufficiently  polished.  Care  had  to  be  taken  to 
keep  all  grit  and  dirt  from  coal  and  hone,  in  order  to  prevent  scratch- 
ing. This  process  gives  the  components  in  the  cpal  clean  sharply  cut 
edges  or  cross  sections.  The  preparation  could  not  be  further 
polished  in  any  way  without  smearing  the  various  components  over 
the  surface,  making  the  surface  useless  for  photography  and  less 
valuable  for  direct  microscopic  examination. 

The  specimens  thus  prepared  for  examination  and  photography 
with  oblique  illumination  may  well  be  used  later  for  preparing  thin 
sections,  provided  they  have  not  been  spoiled  by  too  strong  a  light,  or 
rather  by  too  high  a  temperature.  Strong  light  is  necessary  in  making 
a  photomicrograph  from  such  a  surface,  and  the  heat  accompanying 
it  often  cracks  the  coal  and  renders  the  surface  uneven  and  useless 
for  a  thin  section. 

ORIGIN  OF  PEAT. 

That  coal  has  been  formed  from  plants  is  no  longer  doubted  by 
anyone  who  is  familiar  with  the  subject.  But  the  exact  manner  in 
which  plant  substances  were  transformed  into  coal  is  still  under 
discussion.  The  writer  is  thoroughly  convinced,  by  his  own  studies 
and  the  studies  of  other  investigators,  that  coals  had  their  origin  in 
peat  beds. 

The  origin  of  peat  must  be  analogous  to  that  of  coal,  because  its 
components  are  in  every  respect  analogous  to  those  of  coal.  A  knowl- 
edge of  peat,  therefore,  will  help  to  explain  much  in  coal  that  other- 
wise could  not  be  clearly  understood  or  not  imderstood  at  all. 

PEAT  DEPOSITS. 

OCCUBBENCE. 

A  peat  bog  may  be  known  as  a  tamarack  swamp,  cedar  swamp,  a 
black-ash  swamp,  a  cypress  swamp,  a  marsh,  or  a  slough,  according 
to  the  kinds  of  plants  that  form  the  main  vegetation  of  the  bog. 
Such  swamps  are  found  all  over  the  United  States,  but  are  particu- 
larly abundant  because  of  the  many  lakes  and  ponds  formed  there 
at  the  retreat  of  the  great  continental  ice  sheet  in  the  northern  tier 
of  States  east  of  the  Ked  River  Valley.  Some  swamps  are  of  con- 
siderable size  and  have  become  well  known,  like  the  Dismal  Swamp 
of  Virginia  and  North  Carolina.  Many  of  these  swamps  are  filled 
with  a  dense  growth  of  trees  or  with  trees  and  imderbrush;  some 
are  covered  with  a  dense  growth  of  shrubbery  only,  others  have  a 
dense  growth  of  sedges,  grasses,  buUrushes,  and  other  herbaceous 
plants.    In  some  there  is  an  open  area  of  water  near  the  center. 
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Many  such  swamps  have  been  reclaimed ;  despoiled  of  all  original 
plant  growth,  they  serve  as  fertile  pastures  or  cultivated  lands. 
Those  that  relate  to  our  subject  are  those  that  are  overgrown  densely 
with  trees  and  shrubbery,  with  coniferous  trees,  such  as  the  white 
cedar  {Thwya  occidentalis) y  the  black  spruce  {Picea  fnariana)^  and 
the  tamarack  (Larix  laricina)  predominating.  Some  of  these  swamps 
are  almost  impenetrable  because  of  the  tangle  of  fallen  and  reclining 
trees  intergrown  with  shrubbery  of  many  kinds.  M  general  idea  may 
be  obtained  from  the  photographs  shown  in  ,Plates  I-III,  taken  in 
diflferent  peat  swamps  of  Wisconsin.  These  show  the  general  density 
of  the  growth,  the  reclining  position  of  many  of  the  trees,  and  the 
contour  of  the  substratum.  JSome  trees  are  down,  some  are  already 
partly  covered,  and  others,  as  indicated  by  humps,  are  entirely 
covered  by  debris.  On  account  of  their  uniform  hold  in  the  loose  soil, 
many  of  the  trees  in  the  reclining  position  gradually  come  down 
further  and  further  year  by  year,  until  they  lie  prostrate  on  the 
ground.  In  this  position  they  may  die  and  gradually  rot  or  con- 
tinue to  live  for  an  indefinite  time;  in  either  case  their  trunks  become 
covered  by  the  general  debris  in  the  years  that  follow.  Other  trees 
are  overturned  rapidly  by  storms  and  heavy  snowfalls.  To  the 
fallen  trunks  and  limbs  are  added  year  by  year  limbs,  twigs,  leaves, 
fruits,  spores,  and  pollens. 

^    DISINTBaBATION  07  PLANT  SXrBSTANCEa. 

As  long  as  this  mass  of  plant  substances  is  exposed  to  the  air  in 
moist  surroundings  much  of  it  rots  with  comparative  rapidity  and 
much  of  the  woody  material  and  leaves  and  many  of  the  herbaceous 
plants  disintegrate  and  form  a  general  debris  and  attritus.  When 
covered  by  the  wet  deposits  of  subsequent  years  decay  takes  place 
slowly  and  further  disintegration  practically  ceases. 

The  greatest  and  the  quickest  transformation  of  vegetable  sub- 
stances into  peat  is  on  the  surface  where  there  is  free  access  of 
oxygen  and  exposure  to  the  weather.  Initial  decay,  particularly  in 
the  wood,  is  brought  about  by  fimgi.  The  woody  substance  by 
becoming  soggy  and  taking  up  much  moisture,  soon  becomes  the 
abode  of  a  host  of  decomposing  agencies,  both  fungi  an(!  bacteria,  as 
well  as  small  animal  organisms  and  burrowing  and  boring  insects. 
Disintegration  follows  when  the  parts  become  soft  and  brittle  and 
yield  to  such  forces  as  wind,  rain,  snow,  gravitation,  boring  insects 
and  beasts  and  birds,  of  which  gravitation  is  the  chief. 

A  knowledge  of  the  mode  of  disintegration  of  the  woody  parts  is 
of  great  value  in  the  study  of  coal,  as  the  state  of  division  of  the 
woody  components  of  peat  closely  parallels  that  of  the  corresponding 
components  of  coal.  Examination  of  the  chips  of  wood  in  peat 
shows  by  far  the  larger  number  are  small  flat  thin  pieces ;  many  of 
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these  pieces  may  be  separated  into  several  thinner  ones.  (Pis.  IV, 
VI,  VII,  and  VIII.)  Examination  of  the  anthraxylon  pieces  in 
coal  shows  a  similar  condition.  There  is  a  reason  why  the  stems  of 
trees  or  shrubs  should  form  such  pieces  on  disintegration. 

Several  modes  of  disintegration  can  be  recognized,  each  one  result- 
ii^.in  similar  flat  and  thin,  or  scaly,  woody  remnants.  In  peat  the 
most  prevalent  condition  and  the  one  most  frequently  recognized  in 
disintegrated  parts  of  conifers,  is  caused  by  the  exfoliation  of  Hke 
annual  growth  rings  through  differential  decay.  As  is  well  known 
all  stems  of  exogenous  plants  grow  through  an  annual  increment  of 
new  wood  or  fibers  developed  in  the  phloem,  which  lies  between  the 
wood  and  the  bark ;  but  this  growth  is  not  uniform  throughout  the 
growing  season.  During  part  of  the  time  the  cells  grow  much  faster 
than  at  other  times  and  the  cells  become  relatively  large  while  the 
cell  walls  remain  relatively  thin  thus  forming  what  is  known  as  the 
spring  wood ;  then  at  other  times  the  growth  is  slower  and  the  cells 
added  are  small  and  the  walls  relatively  thick,  and  the  increment 
is  known  as  autunm  wood.  At  one  time  of  the  growing  season,  the 
"incrustation"  of  the  cell  walls  may  be  slight,  and  at  other  times 
relatively  heavy.  Certain  parts  of  the  growing  ring  therefore  decay 
more  readily  than  others,  and  in  consequence  lesions  are  formed  in 
the  regions  that  decay  the  more  easily.  When  the  whole  stem  or 
piece  of  wood  has  reached  a  certain  stage  of  decay  and  has  become 
soft  and  brittle,  it  gradually  falls  to  pieces  through  any  slight  dis- 
turbance, or  its  own  weight.  Disintegration  takes  place  by  means  of 
exfoliation  along  those  growth  rings  that  have  decayed  most,  result- 
ing in  many  thin  tangential  leafiike  sheets  that  easily  break  up  into 
smaller  fragments. 

Some  trees  are  more  subject  to  this  mode  of  disintegration  than  are 
others.  The  basswood  (Tilia  Americana)  is  a  well  known  example. 
The  stem  of  this  tree  at  a  certain  stage  of  decay  may  be  peeled  off  and 
separated  into  large  thin  sheets  that  easily  break  into  smaller  pieces. 
A  casual  examination  of  the  detritus  of  a  peat  bog  reveals  numerous 
wood  fragments  of  greatly  varying  size  in  a  similar  state  of  division. 
(Pis.  IV-VIII.) 

A  second  mode  of  disintegration  is  by  splitting  along  the  medullary 
rays.  This  method  appears  to  be  conmion  in  trees  with  broad  rays,  as 
the  elm  and  the  oak.  The  ray  cells  decay  more  readily  than  the  other 
parts  of  the  wood.  In  trees  with  broad  rays  the  lesions  are  formed 
along  radial  planes,  and  when  the  wood  has  reached  a  certain  degree 
of  decay  it  will  separate  along  those  weakened  planes.  The  result 
is  similar  to  that  of  disintegration  through  exfoliation  along  the 
annual  growth  rings,  except  that  thin  radial  plates  are  formed  in- 
stead of  tangential  plates. 


16  STBUCTURE  IN  PALEOZOIC  BITUMINOXJS  COALS. 

Many  of  the  trunks  and  larger  stems,  or  the  larger  parts  of  thein, 
withstand  the  mechanical  separation  and  disintegration  and  are 
gradually  buried  by  the  debris  of  subsequent  years.  These  are,  how- 
ever, in  various  stages  of  decay  and  are  infested  with  bacteria  and 
fungal  growths,  although  occasionally  a  stem  is  fou&d  that  is  ap- 
parently sound.  Usually  they  are  covered  with  a  profusion  of  polyp- 
orus  fungi,  lichens,  and  liverworts. 

COMPOSmOK  OF  A  BOG. 

On  the  surface  of  many  peat  bogs  in  central  Wisconsin,  besides  the 
plants  still  living  are  trunks  and  stems  of  trees,  limbs  and  branches 
in  various  lengths,  pieces  or  chips  of  wood  of  various  sizes  and 
shapes,  leaves,  mosses,  lichens,  liverworts,  and  fungi  in  various  stages 
of  decay  and  maceration;  particularly  noticeable  are  the  leaves  or 
needles  of  the  different  conifers.  (Plate  III,  A  and  B,)  Settled 
between  the  interstices  of  the  debris  are  fine  bits  of  anything  that 
happens  to  grow  in  the  swamp,  the  material  that  furnishes  the  fine 
microscopic  debris,  or  attritus. 

Beneath  the  uppermost  strata  is  a  wet  mass  of  more  or  less 
macerated  plant  debris,  a  soil  of  black  mud,  containing  many  frag- 
ments of  semidecayed  wood.  This  mud,  which  may  be  from  a  few 
feet  to  30  feet  or  more  deep,  is  filled  with  trunks  of  trees  more  or 
less  whole  and  pieces  of  trunks,  roots,  and  branches  of  all  sizes  in 
various  stages  of  decay.  The  contents  of  the  whole  swamp  from  the 
bottom  up  is  similar  to  that  of  the  surface  layer. 

By  far  the  larger  part  of  the  mass  is  water. 

THE  COMPONENTS  IN  DETAIL. 
THE  ATTRITUS. 

When  the  amorphous  appearing  mass,  the  black  mud,  is  ex- 
amined under  a  miscroscope  it  is  found  to  be  composed  almost  en- 
tirely of  definite  and  specific  particles  recognizable  as .  portions  of. 
plant  tissues  or  organs ;  only  a  relatively  small  amount  is  amorphous. 
Among  the  recognizable  particles  are  whole  cells  or  parts  of  cells  and 
small  complexes  of  cells  of  many  descriptions;  bits  of  tissues  of 
many  kinds  of  plants;  parts  of  various  organs,  such  as  root  hairs 
and  rootlets;  moss  protenemas,  parts  of  mosses,  fungal  hyphi,  bits 
of  leaves  and  bark,  pollen  grains,  spores,  bits  of  leaf  cuticles  and 
resin  particles.  These  are  all  miscroscopic  in  size  and  would  form 
a  very  fine  silt  if  separated  from  the  rest  of  the  peat.  If  in  dried 
condition  they  would  form  a  fine  dust  or  attritus,  and  wiU,  there- 
fore, be  called  the  attritus. 
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OBJECTS  VISIBLE  UNDER  A   HAND  LENS. 

The  most  familiar  components  that  may  be  examined  under  a  hand 
lens  or  low-powered  microscope  are  very  small  bits  of  woody  tissues, 
parts  of  various  herbaceous  tissues,  parts  of  rootlets,  the  whole  or 
parts  of  moss  plantlets,  small  pieces  of  bark,  parts  of  leaves  of  angio- 
sperms,  gymnosperms,  and  grasses,  and  especially  cuticles. 

The  woody  parts  of  the  plants  show  a  gradation  of  sizes  from  the 
most  minute  to  that  of  almost  whole  stems  or  logs.  The  gradation 
of  the  smaller  woody  components  is  of  special  interest  and  signifi- 
cance because  these  pieces  are  of  a  peculiar  nature. 

THE  SMALLER  WOODY  COMPONENTS. 

In  a  lump  of  peat  taken  from  a  woody  Wisconsin  swamp  (PI. 
IV,  A),  wood  forms  a  large  proportion  of  the  components  and  the 
largest  proportion  of  the  woody  components  consists  of  thin,  flat 
pieces,  ranging  in  sizes  from  those  easily  visible  to  the  naked  eye  to 
those  about  the  size  of  a  postage  stamp.  (PL  VI.)  When  closely 
ixamined  they  are  seen  to  be  either  tangential  shells  formed  through 
an  exfoliation  along  the  spring  wood  of  an  annual  ring  or  through 
a  rupture  of  the  decaying  wood  along  the  ray  parenchyma  of  the 
stem  or  log. 

When  wet  these  chips  or  pieces  may  easily  be  split  into  still  thinner 
ones;  on  drying,  the  cells  collapse  and  the  pieces  become  very  thin 
and  hard.  (PI.  VII,  A  and  B.)  The  tangential  shells  are  chiefly 
derived  from  coniferous  trees,  and  the  radial  plates  from  angio- 
sperms.  Other  modes  of  disintegi'ation  may  be  observed,  but  as  they 
are  chiefly  of  interest  in  the  transformation  process,  they  need  not  be 
discussed  here. 

LARGER   WOODY   COMPONENTS. 

The  larger  woody  components  are  broken  limbs,  twigs,  branches, 
and  roots.  Most  of  them  are  rather  short,  cylindrical  pieces,  although 
some  are  fractured  or  split,  and  they  are  in  same  condition  of  decay 
as  the  chips. 

LOGS  AND  LARGER  PARTS  OF  TREES. 

The  niunerous  logs  and  larger  parts  of  trees  encountered  in  sound- 
ing a  bog  are  in  various  stages  of  decay.  Usually  the  deeper  the 
log  is  embedded  the  more  it  is  decayed.  Toward  the  surface  may 
be  some  in  which  the  wood  is  still  hard  and  sound.  Often  trunks 
are  found  in  which  an  outer  shell  has  been  transformed  into  a 
mushy  or  plastic  mass,  whereas  the  central  portion  is  still  hard  and 
sound.    Most  of  the  logs,  particularly  those  some  distance  below  the 
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surface,  have  been  transformed  into  peat  and  may  easily  be  pene- 
trated with  the  sounder  or  cut  with  the  spade.  The  wood  in  these 
is  in  the  same  condition  as  that  of  the  smaller  fragments.  The  pulp 
of  many  of  such  buried  logs  varies  in  color  from  a  yellow  to  a  light 
brown  when  first  taken  out,  but  after  exposure  to  the  air  it  soon 
turns  dark  bro¥ni,  the  usual  color  of  peat 

PROPORTION  OF  COMPOXEKTB. 

The  proportion  of  any  of  the  components  in  a  sample  of  peat 
from  a  bog  varies  considerably  according  to  the  depth,  the  place  in 
the  swamp,  and  the  particular  bog  from  which  the  sample  is  taken. 

The  ecological  conditions,  which  determine  the  accession  of  dif- 
ferent plant  societies,  change  materially  from  time  to  time  during  the 
history  of  a  bog;  the  conditions  of  several  parts  of  the  same  bog 
may  differ  considerably  and  those  of  several  bogs  may  differ  so  much 
as  to  cause  the  plant  societies  in  each  to  be  altogether  different.  The 
kinds  of  plants  that  contribute  to  a  bog  determine  largely  the  degree 
of  maceration  and,  naturally,  the  plant  remains  found  in  a  bog. 

SPORES,  POLLENS,  CUTICLES,  AND  RESINS. 

A  few  of  the  components  mentioned  form  a  relatively  small  part  of 
the  total  plant  products,  but  are  of  great  importance  in  the  final  com- 
position of  the  deposit.  These  are  the  spores  of  Pteridophytes,  pollen 
grains  of  both  Gymnosperms  and  Angiosperms,  the  resinous  parts 
of  many  plants,  especially  conifers,  and  the  cuticular  tissues  of 
plants,  particularly  the  cuticles  of  leaves. 

The  spores  of  most  all  the  Pteridophytes,  like  those  of  the  ordinary 
ferns,  the  horse-tails  and  the  ground-pines  or  clubmosses  (Plate 
VllI,  B)  have  comparatively  thick  outer  coats  or  exines  composed 
of  a  mixture  of  resins,  waxes,  oils  and  cutocellulose,  that  are  resist- 
ant to  decay.  Likewise  the  pollen  grains  of  all  plants  contain  a 
spore-coat  or  exine  of  similar  composition,  although  they  are  much 
thinner  than  those  of  the  Pteridophj-tic  spores.  The  cellulosic  plant 
products,  that  is,  the  woody  parts,  largely  decompose  and  are  lost  to 
the  deposit,  whereas  the  spore-coats  decay  relatively  little.  There  is 
consequently  an  enrichment  or  concentration  of  the  more  stable  com- 
ponents, which  are  therefore,  present  in  the  final  product  in  appre- 
ciable amounts.  The  annual  increment  of  the  cellulosic  part  of 
plants  over  the  annual  production  of  spore-exines  is  not  large  and  in 
some  cases  the  two  are  nearly  equal.  Therefore,  the  total  produc- 
tion of  exine  matter  during  the  whole  life  of  the  plant  is  not  small 
in  comparison  with  the  total  mass  of  woody  tissue. 

The  same  is  true  for  the  cuticular  tissues.  It  is  well  known  that 
all  leaves  and  needles,  the  younger  stems,  and  often  also  the  older 
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stems,  fruits  and  berries  are  covered  with  a  membrane  of  a  composi- 
tion similar  to  that  of  the  spore  and  pollen  exines  and  equally  re- 
sistant to  decay.  Although  in  many  plants  this  cuticle  is  very  thin, 
in  many  others  it  is  thick.  In  the  needles  of  conifers  and  many 
ferns  the  cuticle  is  well  developed.  (PL  IX,  A  and  5.)  Often  there 
is  an  additional  layer  of  wax  laid  over  the  cuticular  membrane,  and 
sometimes  there  is  on  the  film  of  wax  a  coat  of  fine  hair,  processes, 
or  fine  granules,  also  composed  of  a  waxy  substance.  On  the  leaves 
of  some  plants  the  coat  of  wax  is  so  thick  that  it  is  commercially 
valuable.  Occasionally  both  saturated  and  imsaturated  higher  par- 
affins, the  most  resistant  substances  known,  are  present  in  such 
cuticles. 

The  resinous  matter  in  peat  deposits  originates  in  various  ways. 
Almost  all  coniferous  trees  contain  so-called  resin  cells  distributed 
throughout  the  wood.  Some  conifers,  as  the  tamarack,  contain 
fissures  and  reservoirs  in  which  resinous  matter  is  collected.  Often 
these  reservoirs  are  so  large  that  the  amount  of  resin  contained  in 
a  single  tree  may  amount  to  several  gallons.  In  the  bark  of  conifer- 
ous trees  the  resin  occurs  in  the  parenchymatous  cells  and  blisters  or 
in  reservoirs  as  in  the  balsam  fir  {Abies  balsamea)^  The  resin  in 
the  genus  Pinus  amounts  approximately  to  10  per  cent  of  the  dry 
weight.  Flowering  plants  as  well  as  the  conifers  may  contain 
resinous  matters  both  in  the  wood  and  the  bark.  The  leaves  and 
needles  of  the  conifers  and  of  the  flowering  plants  may  also  con- 
tain much  resinous  matter.  Resinous  matter  is  not  subject  to  bac- 
terial decay  and  is  left  behind  when  the  resin-containing  tissues  or 
organs  have  disappeared  through  decay. 

THE  AMORPHOUS  CONSTITUENTS. 

A  varying  amount  of  the  mass  of  peat  is  in  an  amorphous  state. 
It  is  surprisingly  small,  and  is  composed  of  plant  matter  so  finely 
macerated  as  to  have  lost  all  cell  structure.  Careful  examination 
shows  a  gradation  of  sizes  of  the  particles  composing  this  attritus, 
the  particles  ranging  from  those  easily  visible  under  the  microscope 
down  to  those  in  a  colloidal  condition  and  visible  only  by  ultramicro- 
scopic  means. 

Some  of  the  larger  particles  show  characteristics  of  the  cell,  othei's 
have  lost  all  such  identity. 

All  these  particles  are  poorly  defined  and  are  usually  ragged  and 
rough  in  appearance.  When  examined  by  ultramicroscopic  metl^ods 
a  large  proportion  of  them  are  seen  to  consist  of  numerous  submicro- 
scopic  particles  or  micelli,  loosely  united  and  having  large  intermi- 
cellar  spaces  between  them. 
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THE  PHYSICAL  STBUCTUBE  OF  THE  TISSUES  REMAINING  IN  PEAT. 

'After  the  excess  water  has  been  allowed  to  drain  off  completely, 
a  mass  of  peat  or  any  piece  of  wood  in  it,  if  compressed,  will  give  up 
a  large  amount  of  water,  and  even  when  air-dried  peat  contains  from 
12  to  17  per  C3nt  of  water.  This  indicates  that  the  mass  is  in  a 
peculiar  physical  condition. 

Almost  any  of  the  pieces  of  wood  taken  from  a  matured  part 
of  the  bog  is  found  to  be  quite  plastic,  and  may  be  kneaded  much 
like  clay.  When  a  piece  of  such  wood  is  partly  dried  it  has  a  con- 
sistence similar  to  that  of  art  gum ;  when  completely  air-dried,  it  has 
a  homy  consistence,  sometimes  resembling  hard  rubber. 

When  the  wood  is  examined  in  thin  sections  under  a  high  powered 
microscope  the  cell  walls  are  seen  to  have  a  granular  structure  and  no 
longer  appear  compact  and  homogeneous  as  in  living  or  sound  wood. 
The  cause  of  this  granular  appearance  becomes  evident  when  the  cell 
walls  in  very  thin  sections  are  examined  by  ultramicroscopic  means. 
The  cell  walls  ane  composed  of  innumerable  very  fine  particles  or 
micelli  with  relatively  large  intermicellar  spaces  that  are  filled  with 
water.  This  is  true  not  only  of  the  cell  walls  of  the  woody  compo- 
nents but  also  of  the  walls  of  all  those  that  at  one  time  were  com- 
posed of  cellulosic  or  lignocellulosic  matter.  As  all  jilant  tissues, 
aside  from  a  few  adventitious  substances  and  the  little  inorganic 
matter  in  them,  are  composed  of  cellulose  or  lignocellulose,  cell  walls 
of  practically  the  whole  mass  are  in  this  peculiar  condition. 

There  is  a  wide  range  in  this  condition  of  the  mass,  depending 
largely  upon  the  maturity  of  the  peat.  This  condition  is  a  phase 
of  the  transformation,  of  the  living  plant  substances  into  peat  and 
eventually  into  coal.  In  the  Wisconsin  bogs  under  discussion,  which 
averaged  from  8  to  13  feet  in  depth,  the  condition  became  more  uni- 
form with  depth.  In  other  words,  the  older  the  deposit  the  ipore 
mature  is  the  peat  and  the  more  uniform  its  physical  structure.  The 
greatest  difference  in  structure  is  found  at  the  surface  and  within  a 
few  feet  of  it. 

Moreover,  the  further  the  mass  has  advanced  toward  a  uniform 
condition  the  less  cellulose  and  lignocellulose  it  contains.  In  well- 
matured  peat  no  cellulose  or  lignocellulose  can  he  detected  by  the 
methods  of  test  generally  applied.  The  change  of  the  physical  con- 
dition of  the  wood  parallels  the  chemical  change. 

*  THE  CELL  WALLS  IN  A  STATE  OF  HYDBOGEL. 

As  has  been  shovm,  the  remaining  cell  walls  of  the  components  of 
peat  are  an  aggregate  of  extremely  small  particles  or  micelli  and 
these  micelli  are  not  visible  with  the  ordinary  microscope.  A  col- 
lection of  such  particles,  whether  suspended  in  water  or  whether 
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packed  closely  together  with  only  thin  films  of  water  or  air  between 
them,  is  termed  a  colloid.  When  such  fine  particles  are  suspended  in 
water  the  colloid  is  called  a  hydrosol  or  colloidal  solution;  if  the 
particles  are  so  closely  packed  together  as  to  be  separated  by  only 
a  thin  film  of  water,  the  particles  having  lost  their  individuality  anci 
holding  together  to  form  a  jelly-like  mass,  the  colloid  is  called  a 
hydrogel.  The  remaining  cell  walls  of  the  plant  substances  in  peat 
are  in  a  state  of  hydrogel. 

It  is  well  known  that  when  the  particles  of  any  substance  in  such 
a  fine  state  of  division  are  brought  close  enough  together — ^that  is, 
within  the  radius  of  their  sphere  of  attraction — ^they  form  a  solid 
mass.  If  a  mass  of  jelly,  which  is  a  hydrogel  in  terms  of  colloidal 
chemistry,  is  left  to  dry  it  forms  a  hard  mass  for  that  same  reason. 
For  that  reason,  also,  when  the  woody  components  of  well-matured 
peat  dries  they  form  a  hard  brittle  mass;  likewise  all  the  peat  will 
form  a  hard  brittle  mass  when  dried  provided  the  peat  is  well  ma- 
tured, or  in  other  words  if  the  cell  walls  comprising  it  have  ap- 
proached a  typical  hydrogel.  Tlie  more  matured  the  mass,  the 
harder  and  the  more  coal-like  will  it  be  when  drv\ 

Peat  in  any  stage  of  maturation  may  be  transformed  by  artificial 
means  into  a  typical  hydrogel,  and  such  a  mass  when  desiccated  will 
resemble  coal  very  closely,  in  fact  it  will  be  harder  and  more  solid 
than  many  bituminous  coals. 

OTHEB  PKOFEBTIES  OF  FEAT. 

Besides  its  property  of  forming  a  hard  mass  when  dried,  peat 
owes  many  peculiar  and  striking  properties  to  its  colloidal  con- 
dition. To  call  attention  to  a  few  of  them  may  be  of  value.  The 
property  of  retaining  water  with  tenacity  has  caused  difficulty  in 
commercializing  peat  as  a  fuel.  The  absorption  of  gases,  particu- 
larly oxygen,  has  been  variously  applied.  Peat  absorbs  odors 
readily  and  for  this  reason  is  a  valuable  stable  litter.  It  absorbs 
various  substances  in  solution;  aids  in  decomposing  certain  com- 
pounds in  solution,  especially  electrolytes  that  dissociate  easily ;  and 
it  is  a  strong  reducing  agent. 

PRESERVATION   OF  PLANT  TISSUES. 

The  mechanical  cell  structure — that  is,  the  form  and  the  shape  of 
cells  of  the  woody  components  from  the  most  minute  fragment  to 
the  largest  present — has  l)een  well  preserved  in  peat,  the  cells  and 
fibers  having  retained  their  original  form  and  shape  remarkably. 
Only  occasionally  have  the  walls  become  very  thin  and  collapsed. 
Fragments  of  other  tissues,  particularly  those  of  the  mosses,  have 
retained  their  cell  structure  to  a  similar  degree.    Leaflets  and  whole 
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or  nearly  whole  plantlets  may  often  be  found  with  every  detail  of 
their  organization  retained.  Often  parts  of  succulent  stems  are 
found  similarly  well  preserved,  although  it  is  chiefly  among  the 
latter  that  the  cells  have  collapsed. 

As  there  is  no  further  mechanical  change  in  the  components, 
after  they  have  been  submerged  under  subsequent  matter,  except  a 
complete  collapse  of  the  cells  caused  by  downward  pressure  and  the 
withdrawal  of  the  water,  the  finding  of  so  much  well-preserved  plant 
structure  in  the  coals,  as  is  shown  later,  is  not  surprising-  After 
the  plant  residue  is  once  covered  it  is  practically  removed  from  all 
mechanical  agents  and  no  further  maceration  takes  place.   • 

STRUCTURE  IN  COAL. 
QiasrERAL  AFPEA£ANCE  TTHTDEK  THE  MICBOSCOFE. 

Coal  may  now  be  examined  with  a  clearer  understanding  of  the 
terms  and  a  more  intelligent  interpretation  of  the  characters  ob- 
served, because,  as  the  author  believes,  coal  deposits  and  peat  de- 
posits have  been  foiined  in  analogous  ways,  and  because  the  con- 
stituents in  coal  and  peat  are  analogous  in  every  respect,  except  that 
the  plants  that  contributed  to  the  deposit  of  each  differed  in  kind, 
although  not  materially  in  cell  structure  and  chemical  composition. 

^For  a  general  study  of  the  outward  appearance  of  bituminous 
coal  a  lump  or  block  from  almost  any  bituminous  coal  might  be 
selected.  Pieces  of  coal  from  the  Pittsburgh  bed  near  Pittsburgh,  Pa,, 
(PI.  XXXYI,  5),  from  Sesser,  111.  (PI.  X),from  the  mine  of  the 
Benton  Coal  Co.  near  Benton,  111.  (Pis.  XI-XIII),  and  one 
from  the  Vandalia  mine  near  Terre  Haute,  Ind.  (PI.  CXLII),  have 
been  chosen  for  the  illustrations  shown  in  the  report,  as  they  will 
illustrate  the  microscopic  appearances  of  any  ordinary  bituminous 
coal. 

THE  LATVTTNATIOlf  SEEN  IN  COAL. 

A  bed  or  bank  of  any  bituminous  coal  is  readily  seen  to  be  lami- 
nated (PL  XXXVI,  A) ;  likewise  a  block  or  lump  of  coal  when  ex- 
amined more  closely  is  seen  to  be  composed  of  many  layers  or  seams 
differing  from  one  another  in  color,  texture,  fracture,  degree  of  ab- 
sorbing and  reflecting  light,  and  differing  greatly  in  thickness  (Pis. 
X-XIII;  PI.  XXXVI,  B,  and  PI.  CXLII). 

A  little  study  shows  that  in  general  there  are  two  kinds  of  layers 
or  striae.  One  is  jetty  black,  and  usually  has  a  high  luster,  reflects 
light  readily,  is  more  compact  and  breaks  with  a  decidedly  con- 
choidal  fracture;  the  other  is  grayish  black,  has  a  dull  appearance, 
and  little  or  no  luster,  does  not  reflect  light  as  readily  but  rather 
refracts  it,  is  less  compact  and  breaks  irregularly.    The  former  is 
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usually  found  as  lenses  of  varying  thicknesses  and  widths  and^  on 
close  examination  is  seen  to  be  embedded  in  the  latter;  this  last 
characteristic  is  most  evident  in  extensive  exposures  or  in  large 
blocks.  Even  with  the  naked  eye,  after  a  careful  examination,  the 
duller  layers  or  striae  are  seen  also  to  be  composed  of  numerous  thin 
alternating  bright  and  dull  sheets.  This  is  brought  out  clearly  and 
distinctly  in  a  polished  vertical  section  slightly  magnified. 

When  coal  is  examined  along  cleavage  surfaces  parallel  to  the 
bedding  planes,  it  is  seen  to  contain  charcoal,  also  called  "mother 
coal "  or  mineral  charcoal,  in  thin  layers  or  laminae.  As  the  charcoal 
stands  out  prominently  on  the  horizontal  cleavage  faces  and  is 
readily  recognized,  even  when  present  only  in  small  quantities  or 
thin  sheets,  the  earlier  observers  distinguished  only  two  classes  of 
coal — compact  coal  and  charcoal. 

But  when  coal  is  examined  along  the  vertical  cleavage  surfaces 
only,  the  charcoal  appears  as  dull  coal,  is  overlooked,  only  dull  and 
bright  laminae  being  observed. 

As  regards  types  of  components,  ordinary  bituminous  coal  may 
be  said  to  have  three,  dull  coal,  bright  coal,  and  charcoal;  but  as 
regards  differences  in  compactness  or  hardness,  coal  may  be  said  to 
have  two  components,  compact  coal  and  charcoal,  as  described  by 
earlier  investigators.  In  the  latter  classification  the  dull  laminae 
and  the  bright  laminae  of  the  compact  coal  must  be  distinguished. 

Although  these  differences  have  been  recognized  from  an  early 
date,  no  complete  or  definite  explanation  of  the  true  nature  of  dull 
and  bright  laminae  in  the  bituminous  coals  had  been  offered,  or,  if 
correct  interpretations  have  been  given  in  part,  no  definite  proof 
of  their  differences  has  been  offered.  One  of  the  objects  of  this  bul- 
letin is  to  show  the  real  nature  of  the  dull  and  bright  laminae. 

THE  "BBIGHT  COAIi"  OB  ANTHBAXYIiON. 

The  most  prominent  features  in  Plates  X-XIII  are  tlie  broad 
black  bands  running  through  tliese  pieces — ^the  so-called  "bright 
coal,"  "jet  coal,"  or  "glanz  coal"  of  other  authors.  These  black  bands 
are  most  always  lenticular,  or  broad,  flat  pieces  that  have  a  wedge- 
shaped  termination.  The  black  bands  run  for  some  distance  through 
a  larger  block  or  even  a  long  distance  through  the  coal  in  the  seam 
before  they  terminate.  In  a  small  piece  of  coal  they  generally 
continue  through  the  piece  from  one  side  to  the  other,  and  for  that 
reason  convey  the  idea  of  laminae  or  layers  instead  of  inclusions, 
4>ut  it  is  not  rare  tp  find  complete  lenses  or  their  edges  in  small 
blocks.  Such  terminations  are  shown  in  Plate  XI,  A  and  B^  Plate 
XII,  and  Plato  XIII.«    The  bands  of  the  bright  coal  should  there- 
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fore  properly  be  called  lenticalar  lamina*.  These  lenticalar  laminas 
varj'  in  thickness,  but  are  rarely  more  than  10  mm.  or  threc-eightha  of 
an  inch  thick.  The  layers  shown  in  Plates  XII  and  XUI  of  coal 
from  the  mine  of  the  Benton  Coal  Co.  are  about  9  mm.  thick  and 
are  rare.  The  thicke^^  layers  in  the  coal  from  Sesser.  HI.  (a,  PI.  X), 
measure  between  4  and  5  mm.  and  are  of  common  size.  The  layer  a 
(PL  XXXVI,  B)  of  coal  fr<mi  the  Pittsburgh  bed  is  9  to  lo'mm. 
thick.  The  other  layers  in  this  block  are  yery  thin,  a  characteristic  of 
the  coal  from  this  bed.  All  these  black  bands  shown  in  the  photo- 
graphs— ^the  so-called  "glanz  coal,**  "jet  coal/'  "bright  coal,''  ^humus 
coal,''  of  various  authors — represent  parts  of  definite  components  of 
the  wowly  parts  of  plants :  that  is,  parts  once  pieces  of  logs  or  stems, 
Jiranches,  twigs,  and  roots,  but  now  much  compressed.  They  corre- 
spond to  the  larger  pieces  of  woody  peat,  such  as  pieces  of  logs  or 
sterns,  branches,  twigs,  and  roots.  Being  definite  pieces  of  coal  de- 
rive^I  from  wood,  these  components  are  calle<l  anthraxylon^  meaning 
coal  woo<l,  from  anthrax^  coal  and  xylon^  wood. 
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The  characters  that  stand  out  next  in  prominence  in  Plates  X- 
XIII  are  the  lighter  striated  bands  or  layers  between  the  dark  bands. 
These  represent  the  so-called  "dull  coal,"  "canneloid  coal,"  "matt 
coal"  of  other  investigators,  because  they  have  a  dull  look  compared 
with  the  layers  of  the  "bright  coal." 

This  dull  coal  is  composed  of  a  general  debris  derived  from  a  va- 
riety of  plant  products  and  corresponds  to  the  general  debris  of  peat 
deposits.  When  the  vertical  face  of  a  large  block  or  of  a  coal  bank 
is  examined  the  black  and  brighter  bands  are  not  continuous,  but 
are  definite  objects  eml)edded  in  or  surrounded  mostly  by  the  "dull 
coal,"  exactly  as  the' larger  pieces  of  woody  peat  are  embedded  in 
the  "black  mud"  or  general  debris. 

A  more  careful  examination  of  the  "dull  coal"  shows  that  this  in 
turn  is  composed  of  many  thin  light  and  dull  sheets.  In  many  coals 
this  thin  sublamination  is  well  defined,  as  is  shown  by  Plate  XI,  A^ 
and  Plate  XXXVI,  B.  The  brighter  sublaminae  again,  represent 
components  derived  from  smaller  pieces  of  woody  tissues  and  hence 
also  are  anthraxylon  components  that  correspond  in  every  respect  to 
the  smaller  fragments  or  woody  chips  in  peat,  such  as  are  shown  in 
Plate  IV- VIII.  These,  like  the  larger  anthraxylon  components, 
vary  greatly  in  size.  There  is  a  complete  gradation  of  thickness 
from  the  thinnest  anthraxylon,  but  a  few  microns  thick,  to  the  larger 
anthraxylon,  many  centimeters  thick;  so  that  the  distinction  drawn 
between  the  larger  and  the  smaller  anthraxylon  components  is  arbi- 
trary.    But  as  the  thickness  of  a  relatively  large  number  of  the 
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smaller  components  varies  within  certain  limits,  the  distinction  be- 
tween "  dull  coal  "  and  "  bright  coal "  holds  for  most  coals. 

THE  ATTRITUS. 

That  part  of  the  "dull  coal"  in  which  the  smaller  anthraxylon 
chips  are  embedded,  represented  in  gray  or  the  lighter  thin  sheets 
in  the  photographs,  is  finely  divided  matter  and  corresponds  to  the 
fine  black  "mud,"  or  attritus  of  peat,  and,  as  will  be  shown  later,  is 
similarly  composed.  This  component  of  the  coal  will,  therefore,  be 
called  the  attritus. 

The  attritus  forms  the  groundmass  in  which  the  smaller  com- 
ponents, such  as  the  smaller  anthraxylon,  cuticles,  and  megaspores 
are  embedded  in  the  same  way  that  the  mixture  of  sand  and  cement 
in  concrete  forms  the  ground  mass  for  the  crushed  stone  and  gravel, 
and  it  is  designated  the  general  debris  which  forms  the  so-called 
"  dull  coal."  This  general  debris  or  "  dull  coal "  in  turn  is  the  em- 
bedding medium  of  the  larger  components  in  coal,  in  the  same  way 
that  the  mixture  of  cement,  sand,  gravel,  and  crushed  stone  forms 
the  embedding  medium  of  the  larger  stones  in  concrete. 

The  characters  described  above  are  true  of  all  ordinary  bituminous 
coals,  and  coals  from  any  locality  might  have  been  chosen  equally 
well  for  illustration.  A  careful  study  of  lumps  of  any  bituminous  coal 
that  may  be  at  hand  will  show  the  proportion  of  the  dull  layers  and 
bright  layers  to  each  other,  and  the  sublamination  of  the  dull  laminae 
into  many  thin  bright  and  dull  sheets. 

EXAMINAXION  OF  VEKTICAL  SECTIONS  AT  LOW  MAONIFICATION. 

The  mode  of  the  fine  lamination  is  seen  much  better  in  a  vertical 
section  at  a  relatively  low  magnification,  either  in  a  polished  opaque 
section  by  means  of  a  reflected  light  or  in  a  thin  section  by  trans- 
mitted light.  Examination  in  the  latter  way  is  an  essential  step  from 
the  gross  aspect,  or  macroscopic  appearance  of  coal,  to  its  appearance 
in  thin  sections  at  relatively  high  magnification.  It  is  also  essen- 
tial in  obtaining  the  relationship  of  the  woody  components  to  the 
attritus  as  well  as  the  relative  proportion  of  the  two.  Representative 
sections  of  this  kind,  magnified  10  diameters,  are  discussed  in  detail. 

In  the  photographs  the  larger  anthraxylon  components  or  "  bright 
coal "  are  designated  by  the  letter  a,  while  the  "  dull  coal,"  or  general 
debris,  represented  by  gray,  finely  striated  areas  or  bands,  is  desig- 
nated by  the  letter  d.  The  numbers  preceding  these  letters  indicate 
either  the  order  or  situation  in  the  photograph  or  refer  to  the  same 
layer  or  band  in  some  other  photograph  with  corresponding  letters 
and  numbers. 
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STBUCTUKE  OF  THE  COAL  FBOM  THE  BENTON  MINE»  BENTON,  ILL. 

The  coal  from  the  Benton  mine,  near  Benton,  111.,  is  relatively 
simple  in.  structure  and  shows  defininite  alternation  of  so-called 
bright  laminsB  and  dull  laminae.  The  macroscopic  appearance  of  a 
piece  of  this  coal  is  shown  in  Plate  XII. 

Plate  XV  represents  a  section  of  the  piece  of  coal  represented  at 
natural  size  in  Plate  XII,  from  the  area  formed  by  the  intersection 
of  the  lines  xx,  yy,  and  nn,  mm,  magnified  10  times.  The  bands  or 
striae  1-a,  2-d,  S-a,  4-d,  5-a,  6-d,  7-a,  and  8-d  in  Plate  XV  are  the 
same  as  those  of  the  same  lettering  and  enumeration  in  Plate  XII. 
Beginning  at  the  top  of  the  photograph  there  is,  first,  a  layer  of  bright 
coal  or  anthraxylon,  1-a,  containing  a  fissure  filled  with  quartz ;  then  a 
layer  of  debris  or  "  dull "  coal,  2-d ;  next  a  thin  piece  of  poorly 
defined  anthraxylon,  3-a,  between  the  layers  of  debris,  2-d  and  4r-d. 
Ill  the  middle  of  the  photograph  is  the  relatively  thick  piece  of 
anthraxylon,  5~a,  containing  a  characteristic  vertical  fissure,  filled 
with  quartz.  Below  this  piece  are  very  thin  alternating  sheets  of 
debris  and  anthraxjlon  that  grade  into  the  debris,  6-d.  This  grades 
off  similarly  into  the  anthraxylon,  7-a ;  finally,  at  the  bottom  is  the 
debris,  &-d,  which  includes  a  small  piece  of  charcoal,  c. 

The  illustrations  show  a  vertical  surface  of  the  coal ;  that  is,  a  cut 
perpendicular  to  the  plane  of  the  bedding ;  hence  merely  the  cut  edges 
or  the  ends  of  thin  sheets  of  debris  and  of  woody  fragments  are 
seen.  If  the  piece  of  coal  were  split  along  the  bedding  planes  these 
thin  and  flat  components  would  be  seen  in  their  horizontal  positions. 
Such  horizontal  cleavage  surfaces  will  be  discussed  later  and  corre- 
lated with  the  cross  sections.  (For  horizontal  cleavage  planes  see 
Pis.  XXV-XXX.) 

The  photograph  (PI.  XV)  clearly  shows  that  the  laminae  of  debris 
or  "  dull  coal,"  designated  by  2-d,  4-d,  6-d,  and  &-d,  are  in  turn 
composed  mainly  of  two  constituents,  the  one  gray  and  the  other 
darker,  arranged  more  or  less  in  alternating  horizontal  sheets.  A 
closer  inspection  shows  that  many  of  these  sheets  extend  across  the 
photograph,  others  terminate  in  it,  and  many  lie  entirely  within  its 
borders.  If  the  sections  were  wide  enough  all  the  sheets  would  be 
seen  to  terminate  within  a  comparatively  short  distance.  Some,  as 
seen  in  cross  section,  are  linear,  others  slightly  lenticular,  and  still 
others  more  or  less  irregular.  The  dark  sheets  for  the  most  part 
were  at  one  time  small  fragments  of  woody  matter  analogous  to 
the  smaller  chips  forming  an  important  part  in  peat  (PI.  VI)  and 
are  the  smaller  anthraxylon  components.  The  gray  sheets  are  for  the 
most  part  tlie  finely  divided  matter  derived  from  various  sources, 
including  the  spore  matter,  and  hence  are  the  attritus. 
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Plate  XVI  is  taken  from  the  same  piece  of  coal,  though  from 
another  side  and  higher  up.  It  shows  but  one  thick  anthraxylon 
strip  in  the  center,  2-a,  and  a  part  of  a  thicker  one  at  the  bottom, 
5-a.  The  "  dull  coal "  at  1-d,  above  the  anthraxylon  2-a,  is  regu- 
larly grouped  into  dense,  narrow  long  patches  separated  by  black 
strips  derived  from  woody  tissues  of  plants.  When  these  patches  of 
debris  are  examined  closely  they  are  found  to  be  laminated  further 
into  light  and  dark  strips,  the  lighter  representing  attritus  and  the 
darker,  anthraxylon.  In  this  part  of  the  "  dull  coal "  thin,  well- 
defined  light  lines  may  be  observed,  double  in  several  places ;  these  are 
the  edges  of  cuticles.  The  sheets  of  attritus  are  more  or  less  contorted 
at  3-d  to  4r-d,  as  if  they  were  folded  upon  themselves.  The  black  or 
anthraxylon  components  also  are  irregular.  In  other  respects  the 
components  are  similar  to  those  observed  in  Plate  XV.  The  gray 
areas  are  analogous  to  the  black  mud  in  the  peat  bog,  are  similarly 
composed,  and  are  plainly  attritus. 

STBtrcTiraE  of  the  coaIi  fbom  boyalton,  ill. 

The  coal  from  the  Royalton  mine  presents  fairly  the  average 
structure  of  the  Illinois  coals.  Instead  of  showing  the  macroscopic 
aspect  of  this  coal  in  a  lump,  a  continuous  area  in  cross  section  of 
about  three  inches  thickness  and  about  one-half  of  an  inch  in  width 
of  the  coal  is  presented  at  a  magnification  of  10  diameters  as  a  series. 
(Pis.  XVII-XXI.)  Such  a  continuous  strip  shows  both  the 
general  proportion  and  the  structure  of  the  main  components  over 
a  known  thickness.  If  Plate  XVII  alone  were  examined,  it  would 
give  the  impression  that  the  coal  was  composed  largely  of  matter 
derived  directly  from  wood ;  if,  on  the  other  hand,  Plate  XIX  alone 
were  examined,  it  would  give  the  impression  that  the  coal  was  com- 
posed of  debris  only.  The  three  inches  of  thickness,  however,  shows 
average  conditions  in  the  compact  coal  at  the  Royalton  mine,  ex- 
clusive of  layers  containing  much  earthy  matter,  pyrite,  or  charcoal. 
A  similar  illustration  of  coal  from  the  top  to  the  bottom  of  the  bed 
would  show  only  minor  differences. 

At  the  top  of  Plate  XVII,  1-a  is  a  thick  woody  or  anthraxylon 
strip;  the  irregular  strip  h  running  from  side  to  side  is  the  last 
vestige  of  the  inner  part  of  a  hollow  stem,  such  stems  being  common 
in  many  of  the  woody  components  in  all  coals.  Below  the  anthrax- 
ylon 1-a  is  a  "  woody  "  debris,  2-d.  The  fine  line,  in  about  the  middle 
of  this  sheet,  running  almost  across  the  photograph  is  the  cut  edge 
of  a  leaf  cuticle.  Then  3-a  is  another  anthraxylon  layer.  The  ir- 
regular streak  running  through  this  part  is  a  fracture,  such  as  often 
is  seen  in  the  thicker  anthraxylon  components.  Below  this  is  a  layer 
of  debris,  4-d,  in  which  the  constituents  are  lumped  into  lenticular 
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or  wedge-shaped  masses ;  5-a  is  a  thin  piece  of  anthraxylon,  showing 
dearly  its  lenticuhir  shape ;  6-d  is  a  layer  of  debris,  rather  woody  in 
the  upper  part  and  less  woody  in  the  lower  part;  7-a  is  another 
anthraxylon  piece  with  a  characteristic  fracture  running  through  it. 
In  the  debris  (8-d,  PL  XVIII)  the  cut  ends  of  the  so-called  rodlets, 
very  common  in  most  coals,  are  noticeable.  At  9-a  is  another  piece 
of  woody  coal  without  a  horizontal  fracture  but  containing  a  verti- 
cal fissure  filled  with  quartz.  The  remainder  of  the  photograph  is 
an  anthraxylous  debris,  10-d.  The  darker  strips  are  mostly  thin  chips 
of  anthraxA^on,  and  the  lighter  parts  are  an  attritus  of  finely  macer- 
ated plant  products.  This  attritus  is  shown  in  detail  later  (PL  CVI). 
In  10-p  is  included  a  chip  of  semi-petrified  wood.  The  lower  part  of 
this  layer,  11-a,  is  very  anthraxylous.  Plate  XIX  and  a  part  of 
Plate  XX  shows  a  thick  layer  of  debris,  12-d  to  15-d.  In  13-c  is  in- 
cluded a  lense  of  carbonized  and  petrified  matter,  and  from  16  to  21, 
Plate  XX,  several  anthraxylon  chips  alternate  with  debris.  A 
thicker  anthraxylon  layer  at  22-a  is  evidently  a  part  of  a  hollow 
stem  including  some  debris,  23-d.  In  the  lower  section  of  this  part 
of  the  stem  the  evidences  of  remaining  cell  structures  are  clearly 
recognizable,  even  at  the  low  magnification.  The  remainder  of  the 
3  inches  of  coal  (24-d  to  26-d,  PL  XXI)  consists  of  relatively 
pure  debris,  with  but  one  thick  anthraxylon  chip,  25-a-  A  number 
of  the  so-called  rodlets  are  noticeable  in  this  section,  particularly 
from  25-d  to  26-d.  Plate  XXII,  A^  which  is  not  a  part  of  the  above 
series,  shows  a  layer  in  which  a  large  number  of  these  rodlets  are 
seen  in  cross  section.  Plate  XXII,  B^  magnified  10  diameters,  shows 
clearlv  the  stnu  ture  of  the  constituents  of  this  coal,  with  inclusions 
of  charcoal  in  the  lower  part. 

STBUGTUBE   OF  THE  ZEIGLEB  AND  HABT-WILLLA.MS   COALS. 

The  structure  of  the  coal  from  the  Zeigler  mine,  as  shown  in  Plate 
XXIII,  does  not  differ  materially  from  any  of  the  other  coals  shown ; 
it  is  very  similar  to  the  coal  from  the  Benton  mine.  Attention  is 
called  to  the  lumping  of  the  debris  in  several  places,  and  also  to  the 
cross  sections  of  rodlets  in  the  upper  half,  a  characteristic  of  these 
coals.  The  section  shows,  with  the  exception  of  the  woody  elements 
at  the  top  and  the  bottom,  1-a  and  5-a,  a  lamina  rich  in  attrital  matter. 
Another  section  from  the  same  coal  (PL.  XXIV,  .4)  shows  the  dull 
coal  is  in  very  delicate,  sharply  defined,  thin  strips  consisting  chiefly 
of  cuticles.  The  interpretation  of  this  section  is  given  in  the  discus- 
sion of  the  Zeigler  coal  at  higher  magnifications  (p.  85).  Similar 
sections  are  found  at  various  horizons  not  only  in  the  Zeigler  coal 
but  also  in  the  Benton  and  the  Hart- Williams  coals. 
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The  structure  of  the  coal  from  the  Hart- Williams  mine,  near  Ben- 
ton, 111.,  is  similar  to  that  of  the  coals  from  the  Benton  and  the 
Zeigler  mines  and  needs  no  further  discussion. 

STBUGTTJBE  OF  THE  COAI.  FBOM  SESSEB^aLL. 

The  structure  of  the  coal  from  Sesser,  111.,  as  seen  in  cross  section, 
is  much  like  that  of  the  other  coals  already  discussed.  The  section 
shown  in  Plate  XXIV,  5,  is  mainly  anthraxylous.  The  relatively 
thick  anthraxylon  components  of  the  debris  are  separated  by  rela- 
tively thin  sheets  of  attritus.  In  the  anthraxylon  component  at  2-a 
the  remains  of  the  original  cell  structure  are  clearly  shown.  Plate 
CI,  A  J  shows  this  part  of  the  section  at  a  magnification  of  200  diam- 
eters. Compare  Plate  XXIV,  5,  with  Plate  C,  A,  prepared  by  trans-, 
mitted  light  but  at  the  same  magnification. 

STBTTCTTTBE  OF  THE  COAL  FBOM  BTTXTON,  IOWA. 

• 

Plate  CXXI,  A  and  fi,  and  Plate  CXXII,  A^  represent  cross  sec- 
tions of  the  coal  from  Buxton,  Iowa.  In  general  the  structure  of 
this  coal  is  similar  to  that  of  other  coals.  Two  prominent  character- 
istics are  the  frequent  presence  of  mcgaspore-exines  and  sporangia 
and  the  peculiar  nature  of  the  smaller  anthraxylon  strips.  A  num- 
ber of  large  megaspore-exines  are  distinctly  seen  at  4r-sp,  also  a 
number  of  sporangia  filled  with  spores  at  2-s  and  part  of  a  cuticle 
at  5-c,  Plate  CXXI,  A. 

STBUCTTTBE  OF  THE  PITTSBUBOH  COAL. 

The  Pittsburgh  coal  in  the  block  (PI.  XXXVI,  H)  contains  only  a 
few  thicker  laminae  of  tlie  larger  anthraxylon  components.  It  is 
characterized  by  relatively  thin  alternating  sheets  of  dull  and  bright 
coal  rather  uniformly  arranged.  The  character  of  the  structure  is 
seen  much  better  in  vertical  sections  at  a  relatively  low  magnifica- 
tion. 

Instead  of  illustrations  giving  a  continuous  strip,  Plates 
XXXVII-XLI,  taken  at  1-foot  intervals  from  top  to  bottom  of  the 
5-foot  bed  at  the  Oak  mine  are  shown  supplemented  by  illustra- 
tions from  other  parts  of  the  same  bed.  As  the  reader  is  now  pre- 
sumed to  be  familiar  with  the  general  appearance  of  such  sections, 
attention  is  called  only  to  characters  that  are  new  or  of  special  interest. 

Scarcity  of  the  thicker  woody  elements,  uniform  distribution  of  the 
components,  and  fine  lamination  are  noticeable  throughout  the  series. 
Plate  XXXVII  shows  a  cross  section  taken  from  the  first  foot  of  coal, 
measuring  from  the  roof,  of  the  coal  at  the  Oak  mine.  A  large  pro- 
portion of  the  components  are  layered  in  very  thin  delicate  sheets 
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with  here  and  tliere  oval  inclusions.  Megaspore-exines  are  recog- 
nizable everywhere,  particularly  at  4-d.  Compare  Plate  XXXVII 
with  Plate  XLI V,  prepared  from  the  same  sample  by  means  of  trans- 
mitted light  at  the  same  magnification,  and  note  the  appearance  of 
the  same  components. 

Plate  XXXVTII  shows  a  cross  section  of  the  coal  from  the  second 
foot  of  coal  from  the  top.  The  anthraxylon  components,  shown  as 
delicate  black  strips,  are  both  thicker  and  more  numerous  than  in 
the  coal  from  the  first  foot  of  the  bed.  At  various  horizons,  as  at  4-d 
and  5-d,  there  are  indications  that  the  anthraxylon  components  are 
not  solid,  but  consist  of  a  number  of  very  thin  sheets  closely  packed 
one  upon  the  other.  At  1-d  a  bit  of  semipetrified  wood  is  included. 
Similar  small  bits  are  recognizable  in  other  parts  of  the  section. 
Compare  Plate  XXXVIII  with  Plate  XLV,  made  by  transmitted 
light  at  the  same  magnification. 

In  Plate  XXXIX,  taken  from  the  third  foot  from  the  top  of  the 
seam,  the  distribution  and  the  layering  is  more  irregular.  The  pro- 
portion of  the  anthraxylon  components  has  become  larger  than  that 
shown  in  the  two  foregoing  sections,  and  the  attritus  is  somewhat 
lumped.  Megaspores  are  seen  in  2-d.  Compare  Plate  XXXIX 
with  Plate  XLVI, 

Plate  XL  represents  a  section  from  the  fourth  foot  from  the  top 
of  the  seam.  Although  the  general  structure  of  the  coal  at  this  level 
is  similar  to  that  at  3  feet  from  the  top,  the  photograph  shows 
certain  characters  that  can  be  seen  more  easilv  than  they  can  be  de- 
scribed.  It  has  four  groups  of  layers.  The  first  one,  1-d  and  2-d, 
has  characteristics  nmch  like  those  shown  in  Plate  XXXIX,  but 
the  one  at  3-d  is  very  irregular  and  contains  a  number  of  thick- 
walled  megaspores;  the  next  one,  at  the  level  4-d,  is  more  an- 
thraxylous,  the  heavy  black  strips  running  across  the  photograph 
and  representing  thick  chips;  also  a  number  of  megaspores  are 
visible.  At  5-d  is  a  fragment  of  petrified  wood,  and  next  to  it  is 
debris  rich  in  spore  matter.    Compare  Plate  XL  with  Plate  XL VII. 

Plate  XLI  shows  a  cross  section  of  the  coal  in  the  fifth  foot  from 
the  top  (the  first  foot  from  the  floor).  The  coal  is  here  decidedly 
more  anthraxylous.  Plate  XLI  and  Plate  XXXVII  differ  decidedly 
in  the  amount  of  anthraxylous  matter  present  and  also  in  the  compo- 
sition of  the  debris.  Anthraxylous  components  of  the  thickness 
shown  at  the  level  2-a  (PI.  XLI)  are  quite  common  at  this  horizon 
of  the  seam.    Compare  Plato  XLI  with  Plate  XL VIII,  A. 

Plates  XLII  and  XLIII  present  two  different  sections  of  the 
coal  from  the  Pittsburgh  bed  at  the  experimental  mine.  The  struc- 
ture is  similar  to  that  of  coal  from  the  Oak  mine,  particularly  the 
section  3  feet  from  the  top. 
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The  structure  of  the  coal  from  the  Oak  mine  and  the  experimental 
mine  is  characteristic  of  the  Pittsburgh  coal  at  any  of  the  localities 
from  which  samples  were  taken,  namely,  Bruceton,  Madison,  Con- 
nellsville,  in  Pennsylvania,  several  unknown  places,  and  near  Hobart 
Street  in  Pittsburgh,  and  a  mine  in  Ohio,  near  Moundsville,  W.  Va. 

0 

STMTTiABITY  OF  VEBTICAXi  SECTIONS  OF  ALL  GOALS. 

The  general  appearance  of  the  vertical  sections  of  all  the  coals 
examined  is  much  the  same.  Many  sections  of  the  coals  have  been 
compared  and  every  one  has  revealed  similar  characteristics.  Fur- 
ther, no  matter  from  what  coal  the  section  was  chosen  nor  from 
what  part  of  the  coal  seam,  these  characteristics  have  been  similar, 
as  is  shown  in  the  illustrations.  The  conclusion,  therefore,  can  safely 
be  drawn  that  nearly  all  the  ordinary  Paleozoic  bituminous  coals 
are  of  similar  structure,  so  far  as  can  be  learned  from  vertical 
fections. 

EXAMINATION  OF  HOKIZONTAL  CLEAVAOE  SURFACES. 

Although  the  appearance  of  the  horizontal  surface  fracture  of  coal 
has  been  the  object  of  much  discussion  and  has  furnished  material  for 
a  voluminous  literature,  some  first-hand  observations  and  original 
illustrations  of  it  will  be  profitable  for  the  sake  of  completeness  and 
of  having  the  matter  immediately  available  and  fresh  in  mind. 

When,  in  the  past,  horizontal  fractures  have  been  discussed  and 
illustrated,  the  woody  structure  seen  on  the  surface  has  been  termed 
charcoal  or  mother  of  coal;  the  fractures  described  were  chiefly 
through  larger  pieces  of  charcoal.  Frequently,  also,  objects  described 
as  charcoal  were  in  reality  pieces  of  solid  anthraxylous  coal,  or  the 
distinction  between  charcoal  arid  solid  anthraxylon  components  was 
not  always  clearly  drawn,  or  the  two  were  not  clearly  identified. 
Although  there  is  a  clear  distinction  between  the  ordinary  woody  com- 
ponents of  the  compact  coal  and  the  average  charcoal  observed,  no 
hard  and  fast  line  exists  between  the  two,  as  they  are  to  some  degree 
intergradient  or  transition  forms. 

In  this  report  cleavages  through  the  compact  coal  only  are  re- 
ferred to,  and  splits  through  charcoal  are  ignored  as  far  as  possible 
or  very  carefully  avoided.  Tlie  discussion  refers  to  compact  coal 
and  not  to  charcoal. 

It  is  not  always  possible  to  obtain  a  good  horizontal  cleavage  in 
any  or  every  desired  horizontal  plane  of  any  coal.  Some  coals  split 
much  better  than  others ;  the  more  compact  the  coal  the  greater  the 
difficulty  in  obtaining  a  good  split.  The  Pittsburgh  coal  proved 
the  most  difficult  to  split  in  any  desired  lamina,  whereas  the  coal 
from  the  Vandalia  mine  near  Terre  Haute,  Tnd.,  although  very  com- 
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pact,  splits  with  comparative  ease ;  however,  with  some  care  and  by 
using  a  small  block,  enough  cleavage  faces  for  satisfactory  observa- 
tions may  be  had  from  any  coal.  In  the  more  compact  parts  of  a 
block  the  fracture  will  often  run  across  the  anthraxylon  components 
and  thus  fail  to  give  a  full  exposure  of  all  of  them.  This  condition 
is  shown  in  Plate  XXXI \'',  A^  from  the  Ziegler  coal,  which  is  typical 
of  such  fractures.  The  dark,  irregular,  heavy  black  lines  or  areas 
represent  the  oblique  or  more  or  less  vertical  fractures  across  the 
anthraxylous  laminae. 

STBUGTUBE  OF  THE  VANBALIA  COAL. 

The  Vandalia  coal  splits  with  a  clean,  smooth  surface  in  which 
certain  characteristics  are  distinctly  exposed  and  sharply  defined- 
It  is  therefore  remarkably  well  adapted  for  examination  and  pho- 
tography for  this  purpose  and  may  well  serve  to  illustrate  a  general 
condition  in  coal.  Plates  XXV  and  XXVI,  magnified  twice  the 
natural  size,  are  taken  from  cleavage  surfaces  of  horizontal  fractures 
through  the  lump  of  coal  shown  in  Plate  CXLII,  at  the  levels  x  x 
and  y  y,  where  the  lump  is  compact. 

On  these  surfaces  are  certain  areas  or  patches  showing  woody 
structure  and  other  areas,  partly  or  wholly  surrounding  the  former, 
that  are  practically  structureless.  I'he  former  look  like  small  chips 
of  wood  or  impressions  of  such  chips  embedded  helter-skelter  in  a 
structureless  mass.  Some  of  the  patches  are  isodiametric,  others 
are  long  and  slender,  some  have  straight  edges  and  sharp  corners, 
others  are  rounded  or  irregular,  and  some  look  like  mere  slivers, 
being  long,  slender  and  sharp  pointed.  In  general  the  grain  of  the 
wood  is  clearly  seen. 

The  most  characteristic  feature  is  that  the  patches  are  all  rela- 
tively small,  as  shown  in  the  photographs.  As  the  fractures  are 
generally  clean  cut  and  the  whole  patch  is  exposed,  the  photographs 
present  accurately  their  relative  sizes  (twice  natural  size)  and  gen- 
eral api>earance.  A  slight  difference  in  the  general  form  and  also 
in  the  sizes  of  the  patches  with  woody  structures  will  be  noticed  in 
the  two  surfaces. 

Fine  "rodlets"  or  "needles"  may  be  recognized  scattered  over 
these  cleavage  surfaces.  Some  of  them  lie  helter-skelter  in  the  struc- 
tureless areas;  others  are  in  the  woody  patches  and  evidently  form  a 
part  of  them.  Remnants  of  cuticles  may  also  be  observed  in  some  of 
the  structureless  areas. 

STRUCTXTBE  OF  THE  BENTON  AND  H  A  RT- WILLIAMS  COALS. 

The  features  so  clearly  seen  in  the  Vandalia  coal  are  repeated  in 
the  group  of  coals  from  the  No.  6  bed  of  Illinois,  though  not  in  so  dear 
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and  convincing  a  manner.  Wherever  a  cleavage  is  made  through  the 
dull  laminae,  the  surfaces  exposed  consist  of  similar  patches  of  woody 
structure  and  structureless  areas,  together  with  a  sprinkling  of  the 
so-called  needles  or  rodlets,  and  occasionally  a  patch  of  charcoal. 
A  larger  structureless  area,  such  as  is  shown  in  Plate  XXXIV,  5, 
is  rarely  seen. 

Plate  XXVII  represents,  in  a  little  more  than  natural  size,  the 
cleavage  surface  through  a  compact  layer  of  a  piece  of  coal  from  the 
Benton  mine.  The  structure  of  the  woody  patches  may  be  seen  dis- 
tinctly. The  patches  cover  the  surface  almost  completely,  as  the 
fracture  contains  but  few  small  structureless  areas. 

Plate  XXVIII,  A^  representa  a  cleavage  surface,  at  natural  size, 
made  a  little  obliquely  through  the  block  represented  in  Plate  XI,  A 
and  5,  at  x,  y,  z  (fi-acture  1).  Although  this  surface  has  a  larger 
total  area  of  structureless  patches  and  a  large  number  of  fine  needles, 
the  woody  patches  are  scattered  over  the  whole  of  it.  Plate 
XXVIII,  5,  shows  a  cleavage  surface  in  the  same  block  at  the  level 
t,  u,  V,  also  somewhat  obliquely  across  the  bedding  planes  (fracture 
2).  The  structureless  area  occupies  about  one-half  of  the  total 
area,  the  woody  patches  lying  somewhat  like  islets  in  it.  The  alter- 
nating layers  are  clearly  brought  out  by  the  oblique  fracturing  and 
show  better  than  anything  else  that  woody  patches  are  present 
throughout  the  coal.  On  the  corner  area  at  li  the  fracture  runs 
through  a  thicker  piece  of  bright  coal  or  anthraxylon. 

Plate  XXIX  represents  fracture  surfaces  of  the  Hart- Williams 
coal.  In  the  upper  fracture  the  surface  consists  on  the  whole  of 
woody  patches.  In  the  lower  one  the  fracture  runs  mainly  through 
a  thicker  piece  of  bright  coal,  showing,  as  do  other  fracture  surfaces, 
the  jetty  inner  appearance.  The  cell  structure  also  may  invariably 
be  recognized  in  such  a  fracture. 

STBTTCTTTBE  OF  THE  COAIi  PBOM  SESSEB,  ILLINOIS. 

Plate  XXX  represents  the  cleavage  surface  through  a  piece  of  coal 
from  the  Sesser  mine  at  Sesser,  111.  In  this  coal  the  same  structure 
occurs.  The  many  black  irregular  areas  show  where  the  fracture 
cuts  through  smaller  pieces  of  bright  coal ;  that  is,  through  the  in- 
terior of  the  woody  patches. 

STBTTCTUBE  OF  THE  BTTXTON  COAL. 

The  Buxton  coal  in  many  respects  has  lignitic  characteristics,  and  a 
study  of  its  cleavage  surfaces  is  of  particular  interest. 

Its  general  appearance  as  seen  in  Plates  XXXI  to  XXXIII,  at 
low  magnifications,  are  similar  to  the  other  coals.  Besides  the  woody 
matter,  a  considerable  amount  of  cuticle  is  exposed  to  the  surface,  as 


34  STRUCTURE  IN  PALEOZOIC  BITUMINOUS  COALS. 

is  particularly  noticeable  in  Plate  XXXIII.  The  woody  patches 
as  in  the  other  coals,  are  relatively  small  and  have  about  the  same 
shape  and'  outline,  but  the  cell  structure  is  not  so  well  defined,  prob- 
ably on  account  of  the  advanced  decay  of  the  woody  element  before 
coalification.  However,  enough  of  the  structure  is  preserved  to 
show  a  large-celled  structure.  In  the  woody  patches  themselves,  as 
well  as  in  the  attritus  surrounding  the  patches,  numerous  "  rodlets  " 
or  "  needle-like  "  bodies  may  be  observed,  as  shown  in  Plate  XXXII. 
(See  the  chapter  on  "  Eodlets,"  p.  78.) 

UNUSUAL  STBUCTUBE. 

The  horizontal  fractures  so  far  cited  represent  the  usual  or 
common  structure.  Some  planes  expose  unusual  features;  although 
these  differ  much  from  the  ordinary,  they  may  be  seen  in  any  Paleo- 
zoic coal.  Plate  XXXV,  A  and  5,  show  parts  of  a  horizontal  frac- 
ture, from  the  coal  from  Royalton,  111.,  through  a  block  containing  a 
lamina  similar  to  that  shown  in  Plate  XXII,  A^  along  the  horizon  3-r, 
In  these  surfaces  are  exposed  a  number  of  "  rodlets,"  parts  of 
petioles,  bits  of  woody  tissues,  cuticles,  and  objects  that  resemble 
"rodlets,"  embedded  in  the  attritus.  ( See  chapter  on  "Rodlets,"  p.  78.) 
Similar  surfaces  are  found  that  expose  a  large  number  of  very 
slender  rodlets  instead  of  the  thicker  ones  shown. 

A  large  surface  in  which  no  woody  patches  and  rodlets  are 
exposed  is  very  rare.  Plate  XXXIV,  5,  magnified  ten  times,  shows 
a  surface  through  layers  of  fine  debris  exposing  an  exceptionally 
small  amount  of  woody  structure.  A  few  of  the  so-called  rodlets 
are  also  seen. 

SIMILARTTY  OP  HORIZONTAL  CLEAVAGES  OF  ALL  GOALS. 

The  nature  of  the  horizontal  cleavage  surface  has  been  shown  to 
be  similar  in  all  coals  examined.  Many  cleavage  surfaces  from 
different  coals  have  been  examined,  and  the  structure  is  similar  no 
matter  where  the  cleavage  is  obtained  in  the  compact  coal  ^of  any 
ordinary  bituminous  coal,  nor  from  what  seam.  Attention  is  called 
to  the  fact  that  cleavage  surfaces  in  the  compact  coals  only  are 
mentioned  and  not  those  representing  the  so-called  mineral  charcoal 
or  "mother  coal." 

The  conclusion  is  that  the  cleavage  surfaces  in  the  compact  coal 
of  all  ordinary  Paleozoic  coals  are  similar  in  character. 

COBBELATION  OF  THE  VEBTICAL  SECTIONS  AND  HOEIZONTAL 

CLEAVAGES. 

NATUBE  OF  THE  WOODY  PATCHES. 

The  question  arises  as  to  whether  the  woody  patches  invariably 
seen  on  the  horizontal  cleavage  surfaces  are  actual  pieces  of  woody 
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coal  or  merely  the  impressions  of  woody  structure  and,  if  the  former, 
are  they  the  same  woody  components  seen  in  the  cross  sections  of 
the  coal  or  something  else. 

On  examination  these  patches  are  found  to  be  very  thin  pieces  of 
anthraxylon  embedded  in  a  finely  divided  ground  mass  or  attritus  and 
lying  horizontally  in  every  conceivable  direction.  The  coal  is  largely 
composed  of  such  pieces.  Often  they  are  so  thin  that  a  few  scratches 
with  a  sharp-pointed  tool,  as  a  pair  of  forceps,  will  cut  through  one 
chip  and  expose  another  one  beneath,  sometimes  with  fibers  running 
in  another  direction.  Some  patches  are  thicker,  especially  the  larger 
ones,  although  their  thickness  is  not  always  proportionate  to  their 
breadth  and  width.  Some  of  the  larger  ones  may  be  thin,  and  some 
of  the  smaller  ones  may  be  relatively  thick,  but  as  a  general  rule  all 
are  very  thin.  The  woody  patches  that  occur  universally  in  the  ordi- 
nary bituminous  coals  therefore  are  components  and  not  impressions 
of  objects  that  have  disappeared. 

These  woody  components  are  always  present,  no  matter  where  a 
horizontal  cleavage  is  obtained.  In  the  cross  sections,  also,  of  any 
piece  of  coal  the  woody  or  anthraxylon  components  are  seen  to 
make  up  a  large,  usually  the  larger,  part  of  the  coal.  The  inference 
is  that  the  patches  are  identical  in  both  sections  and  cleavages.  A 
close  examination  proves  that  they  are  in  fact  identical  components, 
and  also  that  the  cell  structures  seen  in  a  cleavage  surface  are  not 
merely  the  impressions  of  some  structure  but  are  actually  the  fibers 
of  pieces  of  woody  coal. 

OBiaiN  OF  THE  WOODT  PATCHES. 

The  origin  as  well  as  the  nature  of  the  woody  components  is  shown 
to  be  analagous  to  similar  components  in  peat.  Comparisons  of 
the  general  appearance  of  coal  and  peat  in  this  respect  establishes  a 
proof  of  the  origin  of  the  woody  patches  in  coal,  and  aids  in  ob- 
taining a  more  comprehensive  idea  of  the  woody  components  and 
their  appearance  in  horizontal  surfaces. 

SnaLAEITY  BETWEEN  HOBIZONTAL  CLEAVAGE  SITEFACES  OP 
COAL  AND  FEAT:    A  FEOOF  BY  ANALOGY. 

EXAMINATION  OF  STJKFACES. 

If  a  sufficient  amount  of  well-matured  peat  is  i*emoved  from  a 
woody  Wisconsin  peat  swamp,  care  being  taken  that  its  original  and 
natural  arrangement  is  not  disturbed,  and  it  is  dried  slowly  until 
the  mass  hardens,  the  lump  will  be  laminated  similarly  to  coal,  ex- 
cept that  the  layering  will  not  be  so  definite,  because  the  peat  has 
not  been  greatly  compressed.  Often  a  lump  of  peat  may  be  split 
horizontally  along  certain  planes  or  bedding  layers  with  a  smooth, 
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clean-cut  surface.  When  such  a  horizontal  surface  is  examined 
macroscopically  or  with  a  binocular  microscope,  the  constituents 
present  may  be  readily  observed.  A  number  of  thin  flat  chips  of 
wood  parallel  to  the  bedding,  the  origin  of  which  was  discussed  in 
a  previous  chapter,  and  a  few  thicker  ones,  are  characteristic  in 
this  surface,  and  deserve  special  attention. 

The  series  of  Plates  IV  to  VI  were  prepared  from  horizontal 
surfaces  of  peat.  A  casual  comparison  of  these  with  the  horizontal 
cleavage  surfaces  of  coal  shows  a  close  resemblance,  although  the 
plants  that  contributed  to  peat  differed  in  kind  and  organization, 
if  not  in  cell  structure,  from  those  that  contributed  to  coal.  In  the 
surfaces  of  both  are  seen  the  characteristic  thin  flat  chips  of  woody 
components,  the  narrower  slivers  and  thicker  pieces,  cuticles  of 
leaves,  occasionally  parts  of  leaves  themselves,  and  here  and  there 
parts  of  petioles  and  bits  of  stems  or  rootlets,  all  embedded  in  the 
general  attritus.  Instead  of  seeds  or  seed  coats,  the  coal  contains 
sporangia  and  megaspore  exines.  No  equivalent  in  peat  has  been 
discovered  for  the  rodlets  in  coal.  The  closest  resemblance  to  peat 
is  seen  in  the  cleavage  surfaces  of  the  coal  from  Buxton,  Iowa 
(Pis.  XXXI-XXXIII  and  PL  CXXIII),  which  is  a  low-grade  coal 
and  has  retained  lignitic  characteristics. 

DISSECTION  OF  HORIZONTAL  CLEAVAGES. 

Proof  that  the  woody  patches  seen  in  the  horizontal  fractures  are 
identical  with  the  woody  components  seen  in  the  vertical  sections 
may  be  obtained  directly  in  several  ways.  The  method  of  selecting 
a  small  block  of  coal  with  a  smooth  vertical  edge  and  splitting  it  in 
any  desired  lamina  with  a  sharp  knife,  under  the  binocular  micro- 
scope, is  the  most  reliable.  A  piece  of  compact  coal  will  not  always 
split  in  the  desired  plane,  but  enough  cleavage  planes  can  be  ob- 
tained in  any  desired  lamina  to  obtain  conclusive  results.  Some 
coals  split  much  more  easily  than  others;  as  already  stated  the  coal 
from  the  Pittsburgh  bed  was  the  most  difficult  to  split  along  any 
given  horizontal  cleavage  plane,  and  the  Vandalia  coal  was  the 
easiest.  Another  method  is  maceration  by  means  of  Schulze's  re- 
agent, when  not  used  in  solutions  too  strong.  After  long  treatment 
in  a  weak  solution  of  Schulze's  reagent  most  coals  come  apart  in 
very  thin  laminae  or  sheets,  so  that  the  woody  or  anthraxylon  com- 
ponents may  be  lifted  out  with  a  pair  of  fine  forceps  or  needles.  In 
this  way  layers  of  considerable  thickness  may  be  dissected.  There- 
fore, no  doubt  remains  that  the  woody  or  anthraxylon  components 
seen  in  cross  sections  and  those  seen  in  the  horizontal  cleavage  sur- 
faces are  identical. 

However,  to  remove  all  doubt,  the  origin  of  the  patches  in  small 
pieces  of  wood  or  other  plant  tissues  will  be  conclusively  shown. 
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Thin  sections  and  microscopic  examination  at  high  magnifications 
are  required  for  this  proof. 

MICROSCOPIC  EXAMINATION  OF  COAL. 

STAin)ABDS  OF  COMPAEISON. 

In  order  to  obtain  a  correct  idea  of  the  relative  sizes  of  the  ac- 
tual and  magnified  sections  standards  of  comparison  are  necessary. 
Without  these,  the  illustrations  at  higher  magnifications  give  an  in- 
adequate idea  of  the  actual  size  of  the  objects  or  of  the  area  of  the 
coal  section  represented.  This  is  particularly  true  of  magnifications 
at  200  diameters  and  over.  At  a  magnification  of  1,000  diameters  and 
more  a  concept  of  the  actual  size  of  the  object  or  area  represented  is 
entirely  lacking,  without  some  standard  of  comparison,  even  in  per- 
sons who  are  familiar  with  microscopic  examinations.  A  correct  idea 
of  the  size  of  an  area  represented  at  a  magnification  of  10  diameters  is 
comparatively  easy  if  the  fact  that  the  dimensions  of  the  original  are 
one-tenth  of  those  of  the  photograph  is  borne  in  mind.  If,  for  ex- 
ample, a  photograph  represented  at  a  magnification  of  10  diameters 
measures  5  by  7  inches,  the  area  of  the  coal  section  represented  meas- 
ures 0.5  by  0.7  inch.  But  if  the  magnification  of  a  certain  object  or 
area  is  200  diameters,  the  actual  size  of  the  original  area  represented 
in  the  photograph  is  far  more  diflScult  to  comprehend.  If  the  photo- 
graph measures  4  by  5  inches,  which  is  a  little  larger  than  most  of  the 
photographs  presented,  then  the  area  of  the  original  coal  section 
represented  in  that  photograph  is  only  1/50  by  1/40  of  an  inch.  As 
the  majority  of  the  photographs  at  a  magnification  of  200  diameters 
measure  approximately  100  by  120  millimeters,  the  millimeter  is  a 
more  commensurate  and  convenient  unit,  and  such  photograplis  rep- 
resent an  original  area  of  0.5  by  0.6  mm.  The  dots  and  periods  used 
in  the  printing  of  this  bulletin  are  approximately  0.5  ram.  in  diame- 
ter and  are  a  convenient  standard  for  comparison. 

When  areas  are  magnified  1,000  diameters  a  satisfactory  standard 
is  almost  impossible.  The  dimensions  of  the  original  object  or  area 
represented  are  so  small  that  the  millimeter  becomes  an  inconvenient 
unit  and  the  micron — ^a  microscopic  unit,  the  1/1000  part  of  a  milli- 
meter— ^is  used  instead.  At  a  magnification  of  1,000  diameters,  any 
circular  area  measuring  100  mm.,  or  about  4  inches  in  diameter,  rep- 
resents an  original  area  100  microns  in  diameter.  The  average 
diameter  of  a  hair  from  the  human  scalp  is  about  one-half  of  that,  or 
50  microns.  Yet  a  strip  of  coal  section  the  thickness  of  a  hair  con- 
tains a  great  many  objects,  as  is  seen  in  the  illustrations.  A  hair, 
then,  may  be  considered  a  convenient  standard,  remembering  that 
the  average  thickness  is  about  50  microns,  or  1/20  of  a  millimeter, 
or  1/500  of  an  inch. 
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Obviously,  extensive  areas  from  a  coal  section,  or  larger  areas  of 
the  sections  shown  at  10  diameters  can  not  be  represented  at  a  mag- 
nification of  200  and  still  less  at  1,000  diameters.  This  may  suggest 
that  an  adequate  idea  of  the  nature  of  larger  sections  of  coals  is  not 
obtained  tlirough  illustrations  representing  a  small  area;  experi- 
ence has  sliOwn,  however,  tliat  many  layers  of  coal  are  so  similar  in 
appearance  and  composition  that  photographs  taken  at  certain  inter- 
vals and  showing  certain  characteristics,  give  a  fair  representation 
of  a  larger  piece  of  coal  or  even  of  the  whole  bed. 

COBBELATIOXr  OF  CHABACTEBS. 

Before  discussing  the  detailed  examination  of  the  coal  sections  at 
a  higher  magnification  it  will  be  necessary  to  correlate  the  appear- 
ance of  the  features  seen  in  opaque  sections  or  polished  surfaces  cut 
vertically  to  the  bedding  planes  and  examined  by  oblique  illumina- 
tion, w^ith  the  same  features  as  seen  in  thin  sections  examined  by 
transmitted  light  at  the  same  magnification,  or  at  a  slightly  higher 
magnification. 

COAIi  FROM  THE  FITTSBITEtGH  SEAM. 

Compare  the  opaque  cross  sections  of  the  coal  from  the  Oak 
mine  in  the  Pittsburgh  bed.  Plates  XXXVII-XLI,  already  men- 
tioned, with  the  illustrations  of  sections,  from  the  same  samples  and 
horizons,  prepared  from  thin  sections  by  means  of  transmitted  light, 
Plate  XXXVII  with  Plate  XLIV,  A  and  B;  Plate  XXXVIII  with 
Plate  XLV,  A  and  B;  Plate  XXXIX  with  Plate  XLVI,  A  and  B; 
Plate  XL  with  Plate  XLVII,  A  and  B;  Plate  XLI  with  Plate 
XLVIII,  A, 

In  the  former  illustrations  the  attritus  appears  as  gray  or  white 
laminae  intercalated  by  darker  striae  of  anthraxylon.  In  the  latter 
illustrations  the  anthraxylon  appears  as  lighter,  homogenous  strips, 
and  the  attritus  as  the  darker  portions  with  a  sprinkling  or  mottling 
of  lighter  inclusions.    The  order  is,  therefore,  partly  reversed. 

The  object  of  these  latter  illustrations  is  to  serve  as  a  stepping- 
stone  from  the  lower  to  the  higher  magnifications,  and  to  convey  a 
more  accurate  concept  of  the  proportion,  arrangement,  and  relation- 
ship of  the  anthraxylon  to  the  attritus  utterly  impossible  to  obtain 
from  the  illustrations  at  higher  magnifications.  A  close  study  of 
the  illustrations  at  low  magnifications  and  those  of  coal  in  the  block 
is  essential  for  this  purpose.  On  the  other  hand,  many  details  can 
be  seen  only  in  illustrations  at  higher  magnifications. 

Compare  Plate  XLIV,  A  and  B^  magnified  10  and  20  times,  respec- 
tively, with  Plate  XL\nni,  iS,  magnified  200  times,  both  prepared 
from  the  same  section  although  not  from  the  same  areas  in  the 
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section,  representing  areas  of  "dull  coal."  The  two  lighter  areas 
1-a  and  3-a  (PI.  XLVIII,  B)j  correspond  to  the  lighter  strips  seen 
in  Plate  XLIV,  A  and  B^  but  more  highly  magnified,  and  the  two 
darker  areas,  2-d  and  4r-d,  correspond  to  the  darker  portions  inter- 
lined by  the  lighter  strips  more  highly  magnified.  The  lighter  parts, 
1-a  and  8-a,  show  plant  or  woody  structure,  with  characteristic 
resinous  inclusions,  and  are  anthraxylon;  the  darker  areas  plainly 
are  a  conglomeration  of  various  microscopic  bodies  defined  later,  and 
are  the  attritus. 

Plates  XLIX,  A  and  XLIX,  B  (magnified  200  times) ,  are  more 
highly  magnified  areas  included  in  Plate  XLIV,  A.  Plate  XLIX,  A, 
represents  a  number  of  thin  anthraxylon  components  closely  piled 
one  on  the  other.  1-r  is  a  resinous  layer,  the  cell  walls  of  the  tissue 
that  once  contained  the  resinous  matter  having  largely  disappeared. 
The  area  2-a  is  a  continuation  of  the  resinous  anthroxylon ;  the  cell 
walls  have  been  very  much  flattened  and  closely  pressed  together,  so 
that  they  are  barely  recognizable;  3-a  is  a  strip  in  which  the  structure 
is  better  preserved  with  resinous  and  cuticular  inclusions ;  4-a  is  a 
strip  of  numerous  thin  anthraxylon  components.  Below  this,  at  5-d, 
is  a  strip  of  carbonaceous  attritus  including  spore-exines  and  resinous 
bodies;  and  at  6~a  is  a  thin  anthraxylous  strip  in  which  the  cell 
structure  is  faintly  visible. 

Plate  XLIX,  B  (magnified  200  times),  represents  a  more  resinous 
debris  in  the  section  shown  in  Plate  XLIV,  A ;  1-d  is  a  sheet  of 
attritus  composed  chiefly  of  resinous  particles  represented  by  larger 
oval  bodies;  more  or  less  irregular  small  narrow  patches  of  humic 
matter  in  gray  that  are  spore-exines;  and  a  dark  groimdmass  consist- 
ing of  earthy  and  carbonaceous  matter.  The  strips  2-a  and  4^a  are 
thin  pieces  of  anthraxylon.  Included  between  the  latter  is  3-d,  a 
lamina  of  attritus  containing  a  large  proportion  of  matter  derived 
from  cellulosic  plant  substances,  which  are  dark  red  in  the  section 
and  hence  photograph  black.  In  5-a,  a  lamina  of  attritus,  very  thin 
anthraxylon  strips,  and  several  carbonaceous  bodies  are  included;  6-a 
is  a  resinous  anthraxylous  strip ;  and  T-a-  is  attritus  containing  a 
large  proportion  of  matter  derived  from  woody  products  which  we 
shall  term  humic,  as  well  as  the  resinous  matter,  earthy  matter,  and 
exines,  such  as  are  in  the  other  layers  of  attritus. 

Plate  LII,  A  (magnified  200  times),  shows  a  more  highly  magni- 
fied area  included  in  the  upper  anthraxylous  part  of  Plate  XLV,  A 
(magnified  10  times) ,  with  which  it  should  be  compared.  Although 
it  represents  an  anthraxylon  area,  it  is  readily  seen  to  be  composed  of 
several  laminae.  The  anthraxylon  laminae  1-a,  3-a,  and  6-a,  alter- 
nate with  the  laminae  of  attritus  2-d,  and  4-d.  The  heavy  double 
white  lines  at  5^  represent  cuticles.  The  lower  part  of  the  sec- 
tion is  also  composed  of  alternating  thin  strips  of  attritus  and 
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anthraxylon ;  the  strip  at  7-d  being  a  humic  attritus.  The  cell  struc- 
ture, although  recognizable  in  most  parts  of  the  anthraxylon  com- 
ponents, is  on  the  whole  not  clearly  distinguishable,  except  under  the 
microscope  where  cell  structure  is  easily  distinguished  in  any  section 
examined.  At  6-a  the  remains  of  the  special  thickenings  of  the 
cells  (the  checkered  part)  are  clearly  shown. 

Plate  LII,  B  (magnified  200  times)  ^  represents  a  more  highly 
magnified  area  from  the  middle  region  of  Plate  XLV,  A.  This  area 
is  composed  largely  of  attritus,  includiiig  numerous  antliraxylon 
strips.  The  larger  darker  patches,  particularly  noticeable  at  the 
level  2-d,  represents  more  highly  carbonized  particles,  dark  red 
under  the  microscope.     (See  chapter  on  Carbonaceous  matter,  p.  76.) 

Plate  LIII,  A^  represents  a  more  highly  magnified  area  in  the 
lower  part  of  Plate  XLIV,  A,  The  two  strips  1-a  and  3-a  represent 
thin  strips  of  anthraxylon,  the  small,  white,  irregular  patches  repre- 
sent for  the  most  part  spore-exines,  the  gray  areas  represent  cellulosic 
decomposition  products,  and  the  black  represent  the  more  highly 
carbonized  particles. 

Plate  LIII,  5,  is  an  area  in  Plate  LIII,  A^  magnified  1,000  times. 
The  spore-exines,  shown  in  cross  section  in  the  latter,  are  shown 
here  in  better  detail.  The  other  components,  chiefly  of  cellulosic 
decomposition  products  and  carbonaceous  particles,  are  underex- 
posed and  are  not  shown  clearly,  although  under  the  microscope  they 
show  up  verj^  clearly  as  will  be  seen  in  other  photographs. 

Plate  LV,  A  and  B  (magnified  200  times),  represents  areas  in 
the  section  shown  in  Plate  XL VI,  A  (magnified  10  times). 

Plate  LV,  J.,  is  mainly  a  woody  layer,  with  a  strip  of  attritus 
above  and  below  it.    The  cell  structure  is  clearly  seen. 

Plate  LV,  5,  shows  more  definitely  the  alternation  of  the  an- 
thraxylon with  the  attritus.  The  anthraxylon  strips  1-a  and  3-a 
correspond  to  the  lighter  strips  or  bands  in  Plate  XL VI,  A^  and  the 
darker  areas  of  attritus,  2-d  and  4-d,  correspond  to  the  darker  strips. 
The  strip  2-d  contains  a  large  proportion  of  carbonaceous  matter, 
and  4-d  contains  much  cellulosic  degradation  or  humic  matter,  be- 
sides the  relatively  few  spore-exines  shown  as  small  linear  white 
patches,  the  resinous  and  carbonaceous  matter,  and  a  number  of  fine 
strips  of  anthraxylon. 

With  Plate  XLVII,  A  (magnified  10  times),  compare  Plate  LVI, 
A  and  B  (magnified  200  times),  prepared  from  the  same  section. 
In  Plate  XLVII,  J.,  as  in  the  other  illustrations  of  this  series',  the 
lighter  homogeneous  parts  represent  the  anthraxylon  and  the  darker 
or  more  or  less  mottled  parts  represent  the  attritus,  the  anthraxylon 
constituting  the  larger  proportion.  In  Plate  LVI,  A^  2-a,  4-a,  and 
5-a,  corresponding  to  the  lighter  bands,  distinctly  show  cell  struc- 
ture, and  hence  are  anthraxylon  components.    Between  these  are 
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lodged  laminffi  of  attritiis  corresponding  to  the  darker  striae  of 
Plate  XL VII,  -4,  composed  of  various  microscopic  bodies.  Plate 
LVI,  B^  represents  a  woody  area  in  which  the  cell  structure  is  also 
very  well  recognizable.  The  part  designated  by  1-ad  represents  a 
humic  attritus,  including  a  number  of  anthraxylon  strips,  the  cell 
structure  of  which  is  faintly  recognizable. 

THE  BXrXTON  COAL. 

A  comparison  of  the  illustrations  of  Buxton  coal  at  low  and  high 
magnifications  is  of  value  and  interest.  Compare  Plate  CXXI,  5, 
prepared  from  an  opaque  section  of  "  dull  coal "  by  reflected  light, 
with  Plate  CXXI,  A^  prepared  from  a  thin  section  from  the  same 
specimen  and  photographed  by  means  of  transmitted  light,  at  the 
same  magnification,  the  one  being  the  mirror  image  of  the  other. 
The  corresponding  components  may  easily  be  recognized  in  the  two 
plates.  At  1-d  is  an  anthraxylous  attritus  with  a  sprinkling  of 
spore-exines,  at  2-fi  are  included  a  number  of  sporangia  filled  with 
spores.  Detailed  illustrations  of  a  similar  sporangium,  at  higher 
magnifications  are  shown  in  Plates  CXXXIII  and  CXXXIV.  At 
3-a  is  anthraxylon ;  below  it,  at  4-sp  is  a  layer  of  attritus  including 
a  number  of  megaspore-exines  and  at  5-c  is  part  of  a  cuticle.  At 
7-a  is  an  anthraxylon  layer.  With  these  also  compare  Plate  CXXII, 
A^  in  which  the  same  kind  of  components  may  be  recognized.  These 
illustrations  should  now  be  compared  with  the  series  at  200  and  1,000 
diameters  taken  from  the  section  Represented  in  Plate  CXXI,  -4, 
and  others  from  the  same  coal,  which  show  the  nature  of  the  coal 
and  the  components  in  detail. 

THE  VANDALLA.  COAL. 

Compare  Plate  CXLIII,  A  and  B^  prepared  from  thin  sections  at 
a  magnification  of  about  10  diameters,  with  the  series  (Plates 
CXLVI-CL)  at  higher  magnifications,  showing  the  nature  of  the 
component  of  the  Vandalia  coal  in  detail.  As  has  already  been 
shown,  the  coal  from  the  Vandalia  mine  is  made  up  of  numerous 
thin,  flat,  woody  or  anthraxylon  components  interlayered  with  a  com- 
paratively small  amount  of  attritus.  Compare  these  also  with  Plates 
CXLIV  and  CXLV,  A  and  -B,  representing  a  horizontal  cleavage 
plane  from  the  same  coal. 

THE  COMPONENTS  EXAMINED  AT  HIOHEB  MAGNIFICATIONS. 

Sufficient  proof  has  been  furnished  that  the  so-called  bright  coal, 
glanz  coal,  humus  coal,  jet  coal,  bright  laminae,  or  by.  what  other 
name  it  may  have  been  called,  represents  inclusions  of  individual 
components  of  coal  that  at  one  time  were  larger  pieces  of  wood  or 
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parts  of  stems  or  logs.  Sufficient  proof  has  also  been  furnished  that 
the  so-called  dull  coal,  matt  coal,  or  canneloid  coal,  consists  of  a 
general  debris  composed  for  the  most  part  of  small  components  of 
greatly  varying  sizes — at  one  time  small  particles  or  chips  of 
wood — embedded  in  a  mass  of  microscopic  matter,  termed  at- 
tritus,  which  is  derived  from  a  variety  of  plant  parts  or  plant 
organs.  These  kinds  of  coal,  and  their  components  are  now  pre- 
sented in  detail.  Attention  is  called  again  to  the  fact  that  the  woody 
or  anthraxylon  components,  no  matter  of  what  magnitude,  were  at 
one  time  definite  fragments,  or  units,  and  although  they  may  seem 
intimately  united  with  one  another,  or  intimately  packed  or  em- 
bedded in  macerated  matter  in  the  coal,  they  are  definite  units  or 
components. 

THE  BBIGHT  COAL  OB  THE  LABGEB  ANTHBAX7L0N  COMPONENTS. 

VERTICAL  SECTIONS. 

Thin  sections  have  been  prepared  and  examined  from  many  of  the 
thicker  anthraxylon  components,  of  all  the  coals  of  the  present 
series.  In  every  section  examined  the  anthraxylon  components  were 
seen  to  be  derived  from  the  woody  part  of  some  plant,  of  which  the 
cell  structure,  or  the  wood  fibers  were  in  so  fair  a  state  of  preserva- 
tion as  to  leave  no  doubt  of  their  origin  and  identity.  In  some  sec- 
tions this  structure  was  almost  as  well  preserved  as  in  sound  wood, 
except  that  the  cells  or  fibers  had. collapsed  as  shown  in  Plate  CII,  B^ 
and  C VII,  A  and  B ;  in  others  very  careful  observation  was  re- 
quired to  see  the  structure.  (PL  XCI,  A  and  PI.  XCIII,  B\  1-a.) 
Between  these  two  extremes  all  possible  intergrades  of  preservation 
were  found,  but  in  no  section  had  the  structure  been  so  far  effaced 
as  to  be  imrecognizable.  The  state  of  preservation  is  never  the  same 
throughout  the  section,  as  can  readily  be  seen  from  a  study  of  the 
photographs ;  in  some  parts  the  cells  are  almost  completely  preserved, 
whereas  a  little  distance  away  the  structure  is  recognizable  only 
faintly. 

Occasional  cells  or  fibers  have  retained  their  original  form  and 
arrangement  quite  well,  although  the  walls  have  been  pressed  to- 
getlier  and  the  luniina  have  disappeared,  as  shown  in  Plate  CVII,  ^4, 
taken  from  the  Royalton  coal ;  often  the  arrangements  of  the  fibers 
is  much  disturbed,  although  preservation  of  their  form  is  good,  as 
shown  in  Plate  CII,  5,  taken  from  the  coal  from  Sesser,  111.  In 
other  sections  the  fibers  are  so  flattened  as  to  be  very  thin  and 
rather  broad,  this  probably  being  the  most  common  condition.  (See 
PI.  XCII,  A  and  5,  from  the  Ziegler  coal.)  Some  of  the  walls 
have  become  very  thin  and  are  intimately  united  so  that  the  indi- 
vidual cells  are  recognized  with  great  difficulty,  as  seen  in  the 
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anthraxylon  strips  shown  in  Plate  XCIII,  B^  taken  from  the  Ziegler 
coal,  and  Plate  CXLVI,  J.,  taken  from  the  Vandalia  coal,  a  condition 
particularly  common  in  the  latter.  Plate  CI,  -4,  taken  from  the 
coal  from  Sesser,  111.,  and  Plate  CXIV,  -4,  from  the  Shelby- 
ville  coal,  represent  structures  that  contain  a  varying  amount  of 
resinous  matter  in  the  lumina  of  the  fibers,  common  in  every  coal 
examined.  These  resinous  contents  having  retained  more  or  less  of 
their  original  volume  and  shape,  have  kept  the  cell  walls  distended  to 
the  extent  of  their  volume.  The  walls  themselves  show  the  same 
eflfect  of  decay  as  in  other  sections,  as  is  shown  in  the  places  where 
the  resinous  contents  are  absent  or  scarce.  (PI.  CI,  -ff/Pl.  CII,  A; 
and  PL  CXIV,  B.) 

HORIZONTAL  SECTIONS. 

The  plant  structure  is  particularly  well  shown  in  sections  cut 
parallel  to  the  bedding  planes.  The  reader  has  become  aware,  through 
the  examination  of  the  sections  cut  perpendicularly  to  the  bedding 
planes,  that  all  the  plant  cells  and  fibers  have  been  compressed  and 
flattened,  and  that  the  cells  and  fibers  thus  flattened  lie  roughly 
parallel  to  the  bedding.  Therefore,  when  an  anthraxylon  component 
is  cut  parallel  to  the  bedding  plane,  all  cells  lying  in  that  plane  are 
exposed  on  their  broad  sides,  and  if  any  cell  characters  are  present, 
such  as  bordered  pits,  spiral,  trabecular,  and  scalariform  thickenings, 
they  are  likewise  exposed  for.  examination  on  their  broad  side.  Also, 
the  original  nature  of  the  tissues,  such  as  the  xylon  strands  separated 
by  cortex,  vascular  strands  in  the  cortex,  rays,  and  even  leaf  traces, 
may  be  detected.  Thus  much  of  the  anatomy  of  the  plants  contrib- 
uting to  the  coal  may  be  seen. 

PRESERVATION  OF  STRUCTURE. 

Some  part  of  a  coal  bed  contains  more  anthraxylon  coal  with  better 
preserved  cell  structure  than  others,  and  some  coal  beds  contain  more 
of  the  better  preserved  anthraxylon  components  than  others.  For 
example,  of  the  coals  examined  that  from  Carbon  Hill,  Ala.,  contains 
the  most  and  the  best  preserved  plant  structure. 

The  coal  of  the  Pittsburgh  bed  seemingly  ranks  next,  but  its  struc- 
ture and  cell  preservation  differ  in  various  localities  and  at  different 
horizons  in  the  bed.  The  coal  from  the  experimental  mine,  Bruceton, 
Pa.,  has  revealed  the  most  and  the  best  preserved  structure  and  that 
from  Madison,  Pa.,  the  least  of  all  the  coals  examined  in  this  seam. 

At  one  place  in  the  bed  the  structure  of  different  layers  may  vary. 
In  the  Oak  mine,  for  example,  the  cell  structure  is  better  preserved 
at  the  top  than  at  the  bottom.  The  same  is  true  of  the  structure  of 
the  smaller  components,  as  a  close  examination  of  the  illustrations 
of  the  coals  from  that  mine  will  show. 


44  STRUCTURE  IN  PALEOZOIC  BITUMINOUS  COALS. 

The  coal  from  the  Vandalia  mine,  near  Terre  Haute,  Ind.,  the 
most  anthraxylous  of  all  the  coals  examined,  has  retained  the  least 
plant  structure.  This  coal  reveals  an  abundance  of  structure  quite 
difficult  to  see  in  certain  parts  of  some  cross  sections,  but  easily  ob- 
servable in  horizontal  sections  in  the  anthraxylon  matter. 

As  woody  structure  has  been  seen  in  all  coals  examined  there  can 
be  no  doubt  that  almost  all  of  that  portion  in  coal  that  has  been 
termed  "  bright  coal,"  "  glanz  coal,"  or  "  jet  coal "  is  derived  from 
components  that  at  one  time  were  pieces  of  wood.  What  kind  of  wood 
or  what  kind  of  trees  they  represent  does  not  concern  this  report  any 
more  than  how  large  a  part  of  a  certain  tree,  stem  or  branch  any  of 
the  components  represents,  for  there  was  no  opportunity  to  study 
this  comprehensively. 

THE  "DXJIiIi  COAL." 

In  preceding  chapters  the  "  dull  coal "  has  been  shown  to  consist 
largely  of  smaller  anthraxylon  components  embedded  in  a  mass  or 
matrix  composed  of  more  finely  divided  plant  matter  called  the 
attritus.  The  "  dull  coal "  may  conveniently  be  classified  into  two 
main  subclasses — ^the  nimtlUr  anfhraoplyon  cofnponent»  and  their 
embedding  matrix,  the  attritus. 

THE   SMALLER   ANTHRAXYLON    COMPONENTS. 

The  appearance  of  the  smaller  anthraxylon  constituents  in  the 
block  and  in  the  section  at  low  magnifications  has  already  been 
pointed  out.  Their  appearances  at  low  and  at  high  magnifications 
have  been  correlated.  The  anthraxylon  inclusions  seen  in  cross  sec- 
tions and  the  patches  usually  showing  a  woody  structure  seen  in 
horizontal  cleavage  fractures  have  been  shown  to  be  identical. 
Through  a  correlation  of  the  cross  sections  and  the  horizontal  frac- 
tures the  form,  thickness  and  sizes  of  the  anthraxylon  parts  have 
been  learned,  as  well  as  their  distribution  and  the  proportion  of  their 
mass  to  that  of  the  other  components.  Their  origin  and  mode  of 
fonnation  have  been  indicated  through  analogous  formations  in 
peat.  Their  structure  and  api)earance  at  higher  magnifications 
remain  to  be  shown.  The  anthraxylon  components  differ  greatly  in 
size,  ranging  down  to  microscopic  bits. 

SIZE  AND  FOBM. 

To  obtain  a  correct  idea  of  the  relative  as  well  as  the  actual  thick- 
ne&s  of  the  anthraxylon  components,  the  reader  should  study  care- 
fully all  the  photographs  prepared  from  opaque  sections  at  a  low 
magnification  with  those  prepared  at  low  magnifications  from  thin 
sections  by  means  of  transmitted  light.  The  latter  are  of  particular 
interest  in  connection  with  this  study  and  should  be  correlated  with 
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the  appearance  of  the  coal  in  horizontal  cleavage  surfaces.  Plates 
XLIV  to  XLVII  and  Plate  XL VIII,  A  (magnified  10  times)  give 
an  excellent  idea  of  the  relative  thickness,  arrangement  and  mode  of 
compilation  in  most  of  the  ordinary  coals.  Plate  CXLIII,  A  and  5, 
is  a  good  representation  of  a  very  anthraxylous  coal.  With  these 
should  be  correlated  the  photographs  at  higher  magnifications.   (Pis. 

XLIX-LIX  and  PI.  CXLVI,  A  and  B.) 

Plate  XL VIII,  5,  prepared  from  the  same  sections  as  Plate  XLIV, 
A  and  B^  gives  a  definite  idea  of  the  thickness  of  some  of  the  an- 
thraxylon  components.  The  relatively  thick  band  3-a,  running 
lengthwise  through  Plate  XL VIII,  By  is  approximately  32  mm.  thick 
in  the  photograph,  and  therefore  was  actually  only  a  very  little 
more  than  one-sixth  of  a  millimeter ;  1-a  and  3-a  in  Plate  LV,  iS,  both 
relatively  thick  pieces,  were  only  one-tenth  and  one-fortieth  of 
a  millimeter  thick.  In  the  same  photograph  at  4r-d  several  strips 
are  embedded  that  were  only  about  one  one-hundredth  mm.  thick. 
Similarly  the  strips  in  photographs  representing  coals  from  other 
localities  in  the  Pittsburgh  bed,  as,  for  example,  Plates  LXIII  to 
liXVI,  and  Plate  LXIX,  J.,  some  of  which  show  their  cell  structure 
clearly,  are  extremely  thin,  but  nevertheless  they  were  at  one  time 
chips  of  wood  similar  to  those  found  in  the  peat  of  to-day. 

The  reader  can  calculate  for  himself  the  actual  thickness  of  any 
of  the  anthraxylon  strips  represented  by  measuring  the  thickness  of 
the  strip  in  the  photographs  prepared  from  the  cross  sections  of  any 
coal  and  dividing  that  measurement  by  200  for  photographs  at  a 
magnification  of  200  and  by  1,000  for  those  at  a  magnification  of 
1,000.  The  study  of  the  photographs  of  horizontal  cleavage  surfaces, 
together  with  those  of  cross  sections  at  a  low  magnification,  gives  a 
better  idea  of  the  actual  width  and  length  of  the  anthraxylon  com- 
ponents. 

A  considerable  part  of  the  anthraxylon  matter  is  chopped  up  or 
granulated,  although  much  of  this  has  also  been  flattened  and  some 
is  angular  and  more  or  less  isodiametric.  This  form  consists  of 
extremely  small  particles  varying  from  colloidal  size  to  whole  cells 
and  is  a  part  pi  the  attritus  called  humic  matter.  The  proportion 
of  this  class  of  anthraxylon  or  humic  matter  varies  from  layer  to 
layer,  and  from  bed  to  bed  as  shown  in  LI,  A  and  B;  LII,  B;  LIV, 
B;  LV,  B;  LVIII,  A;  LXI,  A  and  B;  LXII,  A;  LXIII;  LXVI; 
LXVIII;  LXX,  A  and  B;  LXXI,  A;  LXXII,  A;  LXXIV,  A  and 
B;  LXXVI,  A  and  B;  LXXXIV;  LXXXVI;  LXXXVIII,  A; 
LXXXIX,  A;  CIV,  A;  CIX,  A  and  B.  It  is  better  shown  in  sec- 
tions cut  horizontal  to  the  bedding,  and  is  discussed  under  the  attri- 
tus as  humic  matter. 

A  comparatively  small  amount  of  anthraxylon  matter  is  amor- 
phous.   From  the  standpoint  of  a  microscopist  there  are,  strictly 
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speaking,  no  homogeneous  substances  found  in  organic  substances 
in  coal.  Even  the  cell  walls  of  the  anthraxylon  resolve  into  indi- 
vidual particles  or  mioelli  when  examined  by  ultra-microscopic 
means.  Anthraxj^lon  or  humic  matter  in  this  finely  divided  con- 
dition is  said  to  be  homogeneous.  Such  matter  sometimes  fonns 
the  embedding  medium  of  many  kinds  of  finely  divided  particles, 
forming  the  groundmass,  which  has  a  granular  and  amorphous  ap- 
pearance. This  phase  is  discussed  in  relationship  of  coal  at  high 
magnification,  under  the  head  of  attritus. 

DI8TBIBUTI0N. 

Although,  in  most  coals,  such  as  the  Pittsburgh  coals,  the  an- 
thraxylon chips  are  embedded  Ln  an  attritus,  the  pieces  may  be 
packed  more  or  less  immediately  one  on  top  of  the  other.  This  is 
true  to  a  larger  extent  of  the  Illinois  and  Indiana  coals  examined.  - 
In  the  coal  from  the  Vandalia  mine,  near  Terre  Haute,  Ind.  (PI. 
CXLIII,  A  and  B),  the  larger  part  of  the  coal,  by  far,  is  composed 
of  such  chips  lying  directly  one  upon  the  other  with  comparatively 
little  of  the  attritus  interlayered  between  them. 

COLOR  AND   TRANSPARENCY. 

The  color  of  the  anthraxylon  varies  from  dark  red  to  light  yel- 
low in  thin  sections,  depending  on  the  thickness  and  transparency 
of  the  section.  Other  factors  being  equal  the  thinner  the  section, 
the  lighter  the  color;  the  thicker  the  section,  the  deeper  the  color. 
Sections  of  equal  thickness  but  from  different  samples  from  the  same 
or  different  beds  also  vary  in  transparency ;  the  more  transparent,  the 
lighter  the  color,  and  the  less  transparent,  the  darker  the  color,  it 
ranges  from  a  yellow  to  a  deep  red. 

Of  the  coals  examined,  the  anthraxylon  of  that  from  the  Van- 
dalia mine,  near  Terre  Haute,  Ind.,  is  the  most  transparent,  al- 
though different  sections  taken  from  the  same  coal  may  vary  in  this 
respect.  That  of  the  coal  from  the  Zeigler  mine  is,  in  general,  less 
transparent  than  those  examined  from  the  surrounding  fields.  The 
anthraxylon  components  from  the  Pittsburgh  seam  varies  according 
to  the  locality  from  which  they  are  taken.  That  from  the  experi- 
mental mine  and  from  the  Oak  mine  are  relatively  transparent  and 
light  in  color;  that  from  Madison  is  considerably  less  transparent 
and  of  a  deeper  red  color,  while  that  from  the  Connellsville  region 
is  the  least  transparent  and  of  a  deep  red  color. 

The  transparency  of  anthraxylon  depends  on  its  carbon  content. 
Roughly,  the  transparency  of  the  coal  varies  inversely  with  the 
carbon  contents.  No  anthraxylon  components  of  the  coals  examined 
were  absolutely  opaque,  and  only  a  few  were  barely  translucent  in 
thin  sections. 
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BEMAINING  PLANT  STBUCTUSE. 


The  anthraxylon  components  may  almost  always  be  recognized 
readily  by  their  color,  and  by  their  peculiar  physical  structure,  due 
to  the  original  cell  structure  of  the  material  from  which  they  are 
formed.  This  is  either  definite  cell  structure,  similar  to  that  seen  in 
living  plants,  as  seen  in  Plates  XVI,  A ;  LVII,  B ;  LXVIII ;  LXIX, 
A  ;  LXXXIV;  LXXXV;  LXXXVII ;  and  CXIV,  A,  or  of  fine  lines 
more  or  less  parallel  to  each  other,  as  seen  best^in  Plates  LVII,  A  and 
B :  LXIII ;  LXI V ;  LX V ;  XCI,  B ;  XCII,  ^  and  ^ ;  XCI V,  A  ;  and 
CIX,  A  and  B.  These  lines  have  resulted  from  the  collapsed,  com- 
pressed, and  intimately  united  condition  of  the  original  cell  walls  of 
the  plant  from  which  they  are  derived.  Between  these  two  extremes 
all  possible  states  of  preservation  may  be  observed. 

In  the  vertical  sections  the  cell  structure  of  the  smaller  chips 
usually  does  not  seem  to  be  so  well  preserved  as  in  that  of  the  larger 
pieces;  however,  many  strips  are  found  in  which  the  structui:e  is 
about  as  well  preserved  as  in  living  plants.  Examples  are  shown  in 
Plates  LXIX,  A;  LXXXIV,  LXXXV;  and  LXXXVII.  Such 
preservation  is  by  no  means  rare,  yet  considering  the  total  anthrax- 
ylon  mass,  which  constitutes  by  far  the  largest  part  of  the  coal,  it  is 
the  exception  rather  than  the  rule.  Another  very  common  peculiarity 
of  structure  that  is  easily  recognized  is  where  the  cell  walls,  although 
collapsed,  have  retained  a  relatively  large  part  of  their  original  mass, 
and  have  either  been  flattened  out  or  variously  folded  and  contorted. 
This  is  not  nearly  so  well  preserved  as  in  the  previous  examples. 
Such  structure  is  shown  in  Plates  XLVIII,  B ;  LV,  A  and  LIX,  A, 

Attention  is  called  to  the  fact  that  the  structure  of  the  wood 
fibers  can  be  shown  distinctly  only  when  cut  more  or  less  at  right 
angles  to  the  fibers.  When  cut  approximately  parallel  the  struc- 
ture is  not  easily  recognizable  as  it  is  normally  so  poorly  preserved,  t 
Plate  LVII,  5,  Plate  LVIII,  A  and  B,  and  Plate  C,  B  show  more 
or  less  parallel  sections.  As  the  anthraxylon  fibers  lie  in  every  con- 
ceivable horizontal  direction,  the  chances  are  that  only  a  small  num- 
ber of  the  fibers  are  cut  more  or  less  at  right  angles  in  the  vertical 
sections,  and  hence  the  majority,  even  if  well  preserved,  will  escape 
notice,  other  good  examples  are  shown  in  Plates  LII,  A ;  LV,  -4,  3-a ; 
LXIV;XCII,5,l-a. 

The  most  common  structure  is  that  in  which  the  original  cells 
have  been  so  much  flattened  and  pressed  together  that  they  are  diflGi- 
cult  to  recognize.  Such  structure  may  be  seen  in  almost  every  sec- 
tion from  every  coal  examined.  See  many  of  the  photographs  repre- 
senting anthraxylon  coal,  particularly  those  of  the  Zeigler,  Buxton, 
and  Vandalia  coals.  In  a  few  photographs  there  appears  at  first 
sight  to  be  no  structure.    An  example  is  shown  in  Plate  CIX,  A 
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(magnified  200  times).  But  when  such  sections  are  put  under  higher 
magnifications  with  proper  illumination  the  structure  is  clearly  seen, 
as  is  shown  in  Plate  CIX,  B  (magnified  1,000  times),  prepared  from 
the  same  section  as  was  Plate  CIX,  A.  Plate  CIV,  5,  and  Plate  CV, 
A^  magnified  1,000  times  and  200  times  respectively,  reveal  the  same 
fact.  Again,  in  Plate  LXXXIX,  4,  are  several  anthraxylon  chips  in 
which  very  little  structure  can  be  detected;  but  Plate  LXXXIX,  B, 
taken  from  the  same  area,  but  magnified  1,000  times,  leaves  no  doubt 
as  to  the  remaining  cell  structure.  At  low  magnifications  the  Van- 
dalia  coal  (Pis.  CXLVI-CL)  reveals  very  little  cell  structure  in  the 
anthraxylon  components,  but  when  the  sections  are  examined  under 
high  power  and  proper  illumination,  the  remaining  structure  is  well 
shown.  This  is  seen  more  decidedly  in  horizontal  sections  discussed 
later. 

Frequently  where  the  structure  is  not  easily  recognizable,  the  mass 
and  the  form  of  the  cell  have  not  been  destroyed  so  much  as  the 
features  or  qualities  that  diflferentiate  the  cells  from  one  another. 
The  cell  walls,  or  fiber  walls,  have  been  rendered  more  homogeneous 
during  the  processes  of  coal  formation.  The  middle  lamellae  having 
disappeared,  the  cell  walls  and  the  lumina,  which  have  completely 
collapsed,  have  been  so  intimately  united  that  the  whole  cell  is 
a  complex,  seemingly  homogeneous  mass.  The  individual  cell  walls 
of  such  a  homogeneous  anthraxylon  mass  need  not  necessarily  be 
thin,  but  may  be  of  the  same  thickness  as  those  more  easily  distin- 
guishable. These  cells  can  be  distinguished  only  through  special 
illumination,  by  taking  advantage  of  the  slight  differences  of  the  re- 
fraction of  the  different  parts  of  the  walls,  or  by  means  of  polarized 
light,  as  each  fib^r  or  cell  is  optically  active.  These  cells  or  fibers 
have  not  been  obliterated,  but  the  characteristics  or  qualities  tlirough 
which  they  are  normally  distinguishable,  have  been  more  or  less  re- 
moved. 

STBUCTUEE   SEEN    IN    HORIZONTAL   SECTION  8. 

The  clearest  evidence  of  the  cell  structure  is  obtained  in  horizontal 
sections  which  not  only  verify  the  interpretations  made  from  the 
vertical  sections,  but  also  amplify  and  bring  out  the  characteristics 
in  greater  detail  and  clarity,  and  expose  other  characteristics  that  are 
not  observable  in  the  vertical  sections. 

The  true  nature  of  the  larger  and  the  thinner  chips,  such  as  are 
characteristic  of  the  horizontal  cleavage  surface,  is  disclosed,  and  also 
that  of  ih^  scattered  •  fibers  or  small  complex  of  fibers  and  other 
comminuted  plant  matter.  The  nature  of  the  original  tissues  may 
often  be  recognized  distinctly.  The  structures  or  form  of  the  cells 
and  fibers,  whether  long,  short,  thin,  thick,  rounded,  or  isodiametric, 
are  plainly  shown.    The  cell  character,  such  as  pittings  and  spiral 
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trabecular  and  scalariform  thickenings,  rarely  seen  in  the  vertical 
sections,  is  shown  in  almost  every  horizontal  section.  In  some  sec- 
tions, as  in  Plate  CXL,  A  and  B,  remainders  of  the  nuclei  are 
apparently  recognizable.  Parts  of  plant  organs,  like  sporangia,  leaf 
traces,  vascular  strands,  petioles,  and  other  parts  of  leaves  may  be 
observed,  often  in  a  remarkably  good  state  of  preservatioiL 

The  photographs  prepared  from  horizontal  sections  are  for  the 
most  part  self-explanatory,  yet  it  may  be  well  to  call  attention  to 
some  of  the  principal  features  illustrated* 

As  the  object  of  the  photographs  taken  from  the  horizontal  sec- 
tions is  to  show  some  special  characteristic  rather  than  the  anthrax- 
ylon  chips  and  their  structure,  these  photographs  present,  in  the 
main,  parts  of  coal  that  lie  between  the  chips,  and  most  of  them 
show  only  the  edges  or  fringes  or  cut  parts  of  the  more  solid 
chips.  A  relatively  small  anthraxylon  chip  magnified  200  diameters 
would  make  a  photograph  many  times  the  area  of  a  page  in  this 
bulletin.  One  of  the  characteristic  chips  or  patches  shown  in  Plate 
XXV,  if  only  one-fourth  inch,  or  about  6  mm.,  squai^  would  if 
magnified  100  times  cover  a  space  of  25  inches  square.  Only  a  few 
of  the  photographs  from  horizontal  sections  are  therefore  wholly,  or 
in  part,  intended  to  illustrate  solid  woody  components  or  chips. 

Plate  LXII,  A,  of  the  constituents  of  the  attritus  in  horizontal  sec- 
tions shows  on  the  lower  right-hand  comer  a  part  of  an  anthraxylon 
chip  in  which  the  cell  structure  is  well  defined.  Plate  LXXIV,  -4, 
a  horizontal  section  from  the  coal  of  the  experimental  mine,  magni- 
fied 150  diameters,  shows  the  anthraxylon  matter  in  a  rather  com- 
minuted condition  and  consisting  mainly  of  separated  fibers  and  cells. 

Plate  LXXIII,  B,  shows,  besides  the  part  of  a  sporangium  in  the 
middle,  much  anthraxylon  matter  in  which  the  structure  is  also 
clearly  shown,  particularly  in  the  lower  part.  Plate  LXXI  repre- 
sents much  of  the  anthraxylon  matter  in  a  comminuted  condition,  but 
also  parts  of  the  more  solid  chips  that  have  retained  some  of  the 
original  structure  in  fairly  good  condition.  Plate  LXXII,  J.,  repre- 
sents a  strip  of  anthraxylon  embedded  in  the  attritus  in  which  the 
spiral  thickenings  of  the  wood  fibers  are  still  recognizable.  In  Plate 
LXXII,  By  the  section  cuts  obliquely  through  overlapping  anthrax- 
ylon chips  containing  spiral  vessels.  A  leaf-trace,  in  which  the  remains 
of  spiral  vessels  are  clearly  seen,  lies  between  the  two.  The  cell 
characters  of  the  piece  in  the  lower  right-hand  part  of  the  photo- 
graph are  shown,  also  the  cells  of  the  piece  represented  in  the  left- 
hand  part  of  the  photograph  are  cut  diagonally,  and  are  not  so 
clear  as  the  former.  In  the  extreme  upper  part  another  chip  is  seen 
with  scalariform  thickenings.  On  the  right-hand  side  of  Plate 
XCIX,  -ff,  from  the  Zeigler  coal,  is  shown  part  of  a  solid,  narrow- 
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fibered  chip  without  cell  thickenings.  Through  this  section  of  the 
chip  may  be  seen  the  general  debris  lying  under  it.  The  components 
of  the  debris  or  parts  of  other  chips  are  commonly  seen  under  an 
anthraxylon  chip,  showing  how  exceedingly  thin  these  chips  may  be. 

Plate  CXL,  A  and  fi,  and  Plate  CXLI,  J.,  from  the  Sipsey  coal, 
show  horizontal  sections  of  a  tissue  in  which  the  cells  are  remarkably 
well  preserved.  The  cells  seem  to  have  been  more  or  less  isodiametric, 
and  the  structures  within  them  very  strongly  resemble  nuclei.  They 
would  certainly  be  called  nuclei  if  seen  in  a  section  from  a  living 
plant;  not  only  that,  but  the  darker  granules  seen  in  the  nuclei-like 
structures  would  also  be  called  chromosomes.  Whether  they  are 
actually  remains  of  the  nuclei  and  their  chromosomes  must  remain 
an  open  question,  as  the  preservation  of  such  delicate  cell  parts 
seems  doubtful.  Detection  of  many  similar  objects  are  necessary 
for  a  positive  decision. 

Plate  CXLI,  A^  shows  tissues  with  large  isodiametric  cells  in  the 
lower  part,  and  large  fibers  with  multiseriate  bordered  pits,  charac- 
teristic of  the  Cycadofilicales  and  common  in  many  coals. 

Plate  CXXVIII,  A  and  fi,  represents  parts  of  an  anthraxylon  chip 
from  the  Buxton  coal.  Although  the  chip  is  not  well  preserved,  the 
structure  of  the  tissue  is  distinct.  The  diameters  of  all  the  cells  are 
large.  In  the  section  may  be  seen  a  series  of  large  tracheae  with 
bordered  pits,  separated  by  short  parenchymatous  cells,  which  show 
vaguely  in  the  photograph.  These  and  other  features  leave  no  doubt 
that  the  tissue  is  derived  from  one  of  the  Sphenophyllae.  In  the 
Buxton  coal  the  woody  structures  are  diflficult  to  detect  in  cross  sec- 
tions, but  an  examination  of  the  photograplis  just  mentioned  leaves 
no  doubt  that  the  Buxton  coal  has  retained  its  share  of  woody  struc- 
ture, though  this  is  not  so  well  preserved  as  in  most  coals. 

In  the  coal  from  the  VandaUa  mine,  the  woody  structure  is  pre- 
served the  least,  and  examination  through  cross  sections  alone  would 
lead  to  the  conclusion  that  very  little  structure  remained.  But  when 
this  coal  is  examined  in  horizontal  sections,  an  abundance  of  structure 
is  seen  to  have  persisted,  although  it  is  rather  poorly  preserved. 
A  horizontal  section  of  coal  from  the  Vandalia  mine  when  viewed 
at  a  low  magnification,  as  shown  in  Plate  CXLIV,  A  and  fi,  leaves 
no  doubt  as  to  the  presence  of  much  woody  structure.  This  is  much 
more  clearly  shown  at  higher  magnifications,  as  in  Plate  CXLV, 
A  and  5,  in  which  both  scattered  as  well  as  solid  tissues  appear. 
Although  the  cell  structure  of  this  coal  is  poorly  preserved,  such 
characters  as  spiral  and  scalariform  thickenings  are  not  rare  in  the 
horizontal  thin  sections. 

BEDUCTION    IN    THICKNESS   FBOM    THE   ORIGINAL   OF   THE   ANTHRAXYIXJN. 

A  general  estimate  of  the  reduction  in  thickness  of  the  woody  com- 
ponents in  coal  is  difficult  to  obtain,  because  usually  the  fibers  ty^  not 


MICROSCOPIC  EXAMINATION  OF  COAL.  51 

easy  to  distinguish  from  one  another  when  they  have  been  much 
compressed  and  intimately  united,  and  because  the  amount  of  reduc- 
tion in  thickness  varies  greatly  in  the  same  piece  as  well  as  in  differ- 
ent piece&  However,  in  many  sections  definite  counts  and  measure- 
ments can  be  made. 

The  amount  of  reduction  in  thickness  may  be  realized  in  examin- 
ing thin  horizontal  sections  in  which  frequently  several  fibers  may 
be  seen  lying  one  above  the  other,  all  in  focus  at  a  low  magnification. 
In  focusing  up  and  down  under  a  high  magnification  a  number 
of  fibers  may  be  recognized  in  a  comparatively  small  space.  These 
must  have  been  compressed  a  great  deal.  Many  components,  how- 
ever, have  retained  half  or  more  of  their  original  thickness. 

Counts  made  in  a  thin  section  from  the  Ziegler  coal  at  a  magnifica- 
tion of  approximately  1,000  diameters  gave  40  lines  per  50  microns 
in  an  anthraxylon  lamina  500  microns  or  0.5  mm.  thick.  Assuming 
that  every  line  under  observation  represents  a  woody  fiber,  the  whole 
piece  would  have  400  fibers  one  above  the  other,  or  800  cells  to  the 
millimeter.  Assuming  that  the  average  diameter  of  the  cell  origi- 
nally was  50  microns,  the  original  thickness  of  the  chip  would  have 
been  20  mm.  This  piece  in  question,  therefore,  suffered  a  reduction 
to  one- fortieth  of  its  original  thickness.  This  is  an  extremely  large 
reduction,  although  by  no  means  uncommon. 

Plate  CII,  5,  represents  part  of  a  thick  anthraxylon  component 
from  the  Sesser  coal  containing  approximately  240  cells  to  the 
millimeter.  A  few  well-preserved  cells  remaining  in  it  have  an 
average  diameter  of  25  microns.  Assuming  this  to  be  the  average 
original  diameter  of  the  cells  of  the  piece  in  question,  it  would  have 
suffered  a  reduction  to  only  one-sixth  of  the  original  thickness. 
Structures  in  the  state  of  preservation  as  shown  in  Plate  CII,  5, 
are  common.  This  reduction  in  thickness  does  not  indicate  a  loss 
in  the  mass  in  the  same  proportion,  because  the  collapse  of  the  cell 
walls  alone — ^that  is,  the  removal  of  the  air  space  of  the  lumina — will 
account  for  a  large  part  of  the  reduction,  the  amount  depending  on 
the  size  of  the  lumina  or,  in  other  words,  on  the  thickness  of  the 
walls.  The  cells  in  the  anthraxylon  piece  in  Plate  CVII,  A^  from 
the  Royalton  coal,  have  been  compressed  to  not  more  than  one-half 
of  their  original  thickness  in  the  upper  part  of  the  photograph  at 
1-a  to  3-a.  In  the  lower  part  of  the  photograph,  at  4r-a,  they  are 
reduced  considerably  more.  An  average  of  175  cells  to  the  millimeter 
for  the  lower  part  compared  to  80  cells  to  the  millimeter  in  the 
upper  part  was  estimated.  The  reduction  of  the  cells  in  the  lower 
part  has  therefore  been  to  between  one-fourth  to  one-fifth  of  their 
original  thickness,  the  average  diameter  of  the  fibers  being  25 
microns.  Most  of  the  cells  of  this  large  anthraxylon  component  are 
in  the  state  of  preservation  shown  in  the  lower  part  of  the  photo- 
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graph,  an  average  condition  of  all  the  larger  anthraxylon  compo- 
nents in  this  coal.  The  smaller  fragments  as  a  rule  have  been  reduced 
much  more  in  thickness  than  the  larger  ones,  but  not  to  less  than 
one-fortieth  of  the  original  thickness. 

In  the  coal  from  the  Pittsburgh  bed  the  cells,  in  general,  have  been 
reduced  more  toward  the  top  than  at  the  bottom  of  the  bed.  An  av- 
erage anthraxylon  component  approximately  0.2  mm.  thick,  and 
hence  one  of  the  thinner  chips,  was  found  cut  squarely  across  the  grain 
and  hence  suitable  for  making  counts.  The  average  number  of  cells 
one  above  the  other  in  this  piece  was  50,  hence  there  were  250  cells 
to  the  millimeter  of  coal.  The  original  diameter  of  the  cells  accord- 
ing to  various  measurements  and  estimates  can  not  have  been  over 
50  microns  (0.05  nmi.)  nor  much  less,  50  microns  being  probably 
very  nearly  the  average  diameter  of  the  original  cell.  On  the  as- 
sumption that  the'  original  diameter  was  50  microns,  the  original 
thickness  of  the  piece  in  question  would  have  been  2.5  mm.,  a  reduc- 
tion in  thickness  therefor  of  12J  to  1.  In  this  piece  the  cell  walls 
can  not  have  lost  much  of  their  original  thickness  or  mass. 

Plate  LIX,  5,  from  the  Oak  mine,  shows  a  type  of  wood  and  a  mode 
of  preservation  common  not  only  in  this  coal  but  in  all  coals  ex- 
amined. The  average  number  of  cells  to  the  millimeter  is  368.  The 
average  diameter  of  the  cells  of  this  type  is  about  30  microns.  The 
reduction  in  thickness  has  been  11  to  1  or  10  to  1. 

To  go  into  further  detail  is  unnecessary,  as  a  number  of  other 
counts  give  similar  results.  The  di  ameters  of  a  considerable  number  of 
wood  fibers  well  enough  preserved  to  be  reliably  measured  varied 
from  50  microns  to  25  microns.  The  diameters  of  a  number  of  car- 
bonized cells  measured  between  30  and  35  microns.  Therefore,  from 
25  to  50  microns  may  be  relied  upon  as  the  approximate  thickness  of 
these  wood  fibers. 

The  thicker  anthraxylon  components  evidently  have  not  been  re- 
duced in  thickness  as  much  as  the  thinner  ones,  and  in  general  the 
thinner  the  component  the  more  have  the  cells  been  reduced.  In 
other  words,  the  greater -the  maceration  the  greater  has  been  the 
loss  of  the  cell  mass. 

These  few  measurements  indicate  progress  toward  definite  de- 
termination of  the  amount  of  compression  and  reduction  of  volume 
in  the  change  from  peat  to  coal,  but  more  extensive  measurements 
are  required  to  make  safe  conclusions.  However  a  definite  conclusion 
in  this  much-discussed  problem,  is  now  more  possible  than  it  has 
been  in  the  past. 

RESINOUS   INCLUSIONS. 

Many  of  the  anthraxylon  components  contain  inclusions  similar 
to  those  found  in  Tertiary  and  Cretaceous  lignites.  In  these  lignites 
the  woody  coal  usually  has  been  preserved  so  well  that  the  genera  and. 
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in  some  specimens,  species  can  be  determined,  and  the  structure  is 
closely  related  to  that  of  living  species.  Almost  all  the  parts  of 
stems  thus  identified  have  proved  to  be  those  of  conifers  whose 
anatomy  is  well  known,  and  wherever  inclusions  were  found  in  the 
lignites  they  proved  to  be  the  natural  resins  of  the  plant.'  The 
assumption  is  fair  that  similar  inclusions  found  in  bituminous  coals, 
in  those  parts  derived  from  the  woody  parts  of  plants  and  retaining 
the  original  cell  structure,  are  also  natural  resins  and  represent 
material,  more  or  less  changed,  secreted  by  the  plant  when  living. 
Such  resinous  inclusions  in  anthraxylon  matter  are  abundant  in  all 
the  Paleozoic  bituminous  coals  that  have  been  examined.  Some 
coals,  as  that  from  the  Vandalia  mide  and  the  Buxton  mine,  contain 
a  considerable  pj^oportion  of  such  anthraxylon  matter,  others  com- 
paratively little.    The  percentage  on  the  whole  is  small. 

There  are  clearly  two  types  of  resinous  matters,  and  each  is  in- 
cluded in  a  different  kind  of  woody  structure.  The  one  is  always 
sharply  differentiated  from  all  other  resin-bearing  matter,  both 
in  that  the  anthraxylon  including  the  resinous  matter  is  of  a  lighter 
color,  always  of  the  same  type  of  structure,  and  the  resinous  matter 
is  always  of  a  light,  clear,  yellow  color,  easily  distinguished  in  the 
coal.  This  tyi)e  is  shown  in  Plate  LIX,  B^  from  the  Oak  mine; 
Plate  CI,  A  and  S,  and  Plate  CII,  ^4,  from  the  Sesser  coal,  and  Plate 
CXIV,  A  and .£,  from  the  Shelbyville  coal.  This  type  constitutes 
an  appreciable  part  of  all  coals  examined  and  has  the  same  appear- 
ance in  all  of  them. 

The  tissues  that  include  this  type  of  resinous  matter  appear  to  be 
those  of  Gymnosperms,  but  they  have  not  been  examined  sufficiently 
to  draw  a  positive  conclusion.  Wherever  this  type  of  anthraxylon  is 
found  it  shows  definite  bands  with  better  preserved  cell  structure  and 
larger  resin  contents,  alternating  with  bands  in  which  the  cell  struc- 
ture is  not  so  well  preserved  and  in  which  the  cell  contents  are 
either  empty  or  small,  and  it  clearly  resembles  annual  growth  rings 
in  living  trees.  In  a  number  of  specimens  examined,  a  series  of 
cells  with  the  thickened  cell  walls  lie  just  below  or  within  the  tier 
of  cells  containing  the  most  resinous  matter,  as  seen  in  Plate  CI, 
A  and  B,  Plate  CII,  A,  and  Plate  CXIV,  A  and  B. 

The  resinous  matter,  according  to  the  amount  contained  in  the  cells, 
has  assumed  shapes  in  cross  section  from  oval  or  almost  circular, 
where  the  cells  originally  were  filled,  through  lenticular  shapes  to 
filar  in  which  the  cells  originally  must  have  been  almost  empty. 
The  cells  have  collapsed  to  the  extent  permitted  by  their  contents; 
some  of  the  cells  that  have  collapsed  completely  contain  no  resinous 
matter,  as  is  well  illustrated  in  the  photographs  referred  to  in  the 

•  White,  David,  and  Thiessen,  Reinhardt,  Origin  of  coal :  Bull.  38,  Bureau  of  Mines, 
1914,  890  pp. 
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preceding  paragraph.  This  type  of  resinous  matter  contains  no 
bubbles  or  vacuoles  so  common  in  the  other  type.  The  mass  is  com- 
pletely homogeneous  as  far  as  can  be  determined  by  means  of  highest 
powered  lenses;  that  is,  no  granules,  common  in  the  woody  matter 
in  coal,  can  be  detected.  The  lines  or  other  abrasions  seen  in  the  pho- 
tographs are  mostly  due  to  marring  of  the  sections  in  cutting  them. 

The  second  and  commoner  type  of  resinous  matter  probably  is  de- 
rived from  several  kinds  of  plants  as  their  sources.  A  number  of  re- 
curring types  of  structure  are  recognized,  each  one  including  a  differ- 
ent type  of  resinous  matter.  These  resinous  contents  differ  from  one 
another  more  in  size  and  form  than  in  color  or  any  other  physical  char- 
acter. In  color,  consistency,  and  transparency  they  are  similar  to  each 
other  and  also  to  the  tissue  including  them,  so  that  often  they  are  not 
easily  distinguished  from  the  tissues.  Many  contain  vacuoles  or  bub- 
bles of  greatly  varying  sizes,  which  when  present  afford  a  sure  sign 
for  their  recognition ;  others  contain  lines  of  refraction,  very  irregular 
canals,  or  signs  of  apparent  breakdown  or  granulations.  Aside  from 
these  inclusions,  the  mass  of  the  particles  is  usually  homogenous  or 
very  finely  granular,  differing  markedly  from  the  anthraxylon  com- 
ponents, which  as  a  rule  are  coarsely  granular.  In  certain  specimens 
the  particles  have  unmistakably  been  found  to  be  void  in  form.  This 
is  clearly  shown  in  Plates  CXLVIII  to  CL,  a  series  from  the  Van- 
dalia  coal. 

Characteristic  illustrations  of  anthraxylon  components  with  resin- 
ous inclusions  are  seen  in  Plate  XL VIII,  B ;  Plate  XXiIX,  A ;  Plate 
LXIX,  A ;  Plate  LXXVIII,  A ;  and  Plate  C,  B, 

THE   KINDS   OF   TISSUES   REPRESENTED   IN    THE   COALS. 

An  examination  of  sections  from  a  number  of  coals,  as  those  in 
the  illustrations  presented,  shows  that  by  far  the  larger  proportion 
of  the  tissues  remaining  represent  woody  parts  of  plants;  that  is, 
parts  of  stems,  branches,  twigs,  and  roots,  including  all  the  tissues, 
except  the  bark,  that  goes  to  make  up  such  a  part  of  the  tree  or 
shrub.  It  can  not  be  said  with  certainty  that  bark  has  contributed 
appreciably  to  the  constituents  in  question.  If  bark  is  present  at  all 
in  coal  it  finds  its  recognition  possibly  in  components  that  seem 
wholly  different,  a  point  to  be  discussed  later. 

The  anthraxylon  of  the  dull  coal,  then,  is  derived  for  the  most 
part  from  rather  small  chips  of  semidecayed  woody  tissues,  such  as 
are  prevalent  in  many  peat  bogs  of  to-day.  Prosenchyma,  or  wood 
proper,  and  parenchma,  such  as  cortex,  pith,  and  rays,  are  all  found 
and  are  clearly  distinguishable.  Nevertheless  there  is  no  doubt  that 
some  of  the  structure  seen  in  thin  sections  is  derived  from  the  more 
succulent  or  younger  parts  of  plants,  some  of  which  are  herbaceous. 
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Leaf  strands,  with  some  of  the  accompanying  tissues,  petioles,  and 
other  vascular  strands  are  frequently  detected.  What  seem  to  be 
delicate  tissues  of  plants  are  frequently  seen,  as  in  Plate  LXXIII,  A^ 
which  is  a  section  of  the  Pittsburgh  coal.  The  parenchyma  of  leaves 
is  rarely  observed,  yet  occasionally  structures  are  seen  that  might  be 
construed  as  having  been  derived  from  leaf  parenchyma,  and  some 
structures  represent  unmistakably  leaf  tissues.  In  Plate  CXX  all 
the  leaf  tissues,  particularly  the  palisade  cells,  are  well  represented. 
Compare  the  leaf  tissues  of  a  living  Cycad,  shown  in  Plate  IX,  A. 
Usually  the  matter  contained  between  leaf  cuticles  has  disintegrated 
beyond  identification. 

cunciiBs. 

In  all  leaves,  petioles,  green  parts,  young  stems,  twigs,  fruit,  and 
seeds  of  plants  the  outermost  layer  of  tissue  consists  of  tabular  cells 
that  are  closely  united  and  are  uninterrupted  except  by  stomatal 
pores.  This  layer  is  the  epidermis.  In  some  plants  this  layer  per-^ 
sists  with  little  change;  in  others  it  is  thrown  off  sooner  or  later  and 
replaced  by  a  layer  of  cork. 

The  exposed  surface  of  all  epidermal  cells  are  covered  with  a  layer 
of  cutin  forming  a  continuous  transparent  film  or  membrane  over 
the  entire  surface  of  leaf  or  stem.  This  film  is  called  the  cuticle. 
(See  PL  IX,  A  and  B.)  It  is  present  on  all  leaves,  petioles,  green 
or  young  stems,  twigs,  fruits,  berries,  and  sometimes  persists  on 
older  stems  and  branches.  In  many  plants  the  cuticle  is  covered  with 
waxy  and  resinous  matter,  and  in  some  this  matter  is  abundant 
enough  to  have  commercial  importance,  as  in  the  wax  palm  {Ceroxy- 
Ion  amdicola)  and  the  bayberry  {MyHca  cerlfera).  The  waxy  coat- 
ings may  form  coherent  layers  or  incrustations  upon  the  cuticle ;  or 
may  consist  of  vertical  rods,  of  short  rods  or  rounded  grains,  or  of 
minute  grains  or  needles. 

The  cuticle  resists  the  action  of  putref}'ing  organisms  and  persists 
imder  peat- forming  conditions  after  most  of  the  underlying  tissues 
have  disintegrated  or  have  disappeared.  Cuticles  or  fragments  of 
cuticles  are  always  present  in  peat,  occasionally  in  large  proportions. 

CUTICLES  IN  COAL. 

Similarly  in  coals  a  large  amount  of  cuticular  matter  and  some 
cuticularized  tissues  have  survived  and  are  present,  often  forming 
appreciable  proportions  of  the  "dull  coal."  (Pis.  XXIV,  A^  and 
XCVIII,^and5.) 

In  thin  sections,  under  the  microscope,  many  cuticles  appear  as 
bright  golden  yellow  bands  of  considerable  length  and  relatively 
narrow.  One  edge  is  usually  smooth  and  the  other  is  usually  serrate. 
Frequently  cuticles  occur  in  pairs  with  the  smooth  edges  toward 
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each  other.  In  Plate  XCVIII,  A  and  5,  taken  from  a  section  con- 
taining a  large  proportion  of  cuticular  matter  much  like  that  shown 
in  Plate  XXIV,  A^  the  cuticles  are  represented  by  light-colored 
bands,  sometimes  in  pairs,  embedded  in  a  debris  derived  largely  from 
leaves  and  other  vegetable  matter.  Cuticular  matter  is  also  present 
in  coals  in  a  macerated  or  more  or  less  fragmented  condition.  In 
this  condition  it  forms  a  constituent  of  the  attritus,  and  is  often 
difficultly  distinguishable  from  fragmentary  spore-exine  matter. 

Like  the  spore-exines  the  cuticles  may  be  separated  easily  from  the 
coal  by  means  of  Schulze's  reagent.  When  thus  separated  they 
appear  as  tissues  or  films  constructed  of  cells  (Pis.  CXIII,  A^  and 
CXXXVI,  5).  They  are,  however,  noncellular,  transparent  mem- 
branes and  the  apparent  cell  structure  is  due  to  ridges  on  the  under 
surface  that  conformed  to  the  once  underlying  epidermal  tissue.  A 
considerable  number  of  patterns  of  the  apparent  cell  structure,  or  in 
other  words,  different  types  of  cuticles,  are  present;  indicating  that 
a  number  of  different  species  or  genera  of  plants  are  involved. 

BABK. 

Nothing  has  been  observed  that  could  be  said  with  certainty  to 
have  been  derived  from  bark.  There  is,  however,  a  constituent  reoc- 
curring  in  all  coals,  most  frequently  in  the  Pittsburgh  coal,  that 
might  be  interpreted  as  derived  from  bark.  It  is  shown  in  Plate 
LXXXIII.  This  component  is  always  dark  brown,  lumpy,  porous, 
large-meshed,  and  of  irregular  structure.  By  far  the  largest  pro- 
portion of  this  component  has  retained  some  of  the  original  plant  or 
cell  structure,  but  this  structure  is  poorly  and  irregularly  preserved, 
and  seems  to  be  derived  from  large-celled  tissues.  It  almost  always 
includes  a  large  number  of  resinous  appearing  globules,  and  fre- 
quently more  highly  carbonized  matter,  and  parts  of  the  tissue,  or 
strands  of  tissues,  in  which  the  plant  structure  is  well  preserved.  In 
some  of  the  components  the  whole  mass  is  fairly  well  preserved,  but 
in  others  the  whole  mass  has  disintegrated  into  irregular  fragments, 
having  the  same  color  and  general  appearance.  Frequently  the  com- 
ponent is  composed  of  bands  of  tissues  alternating  with  bands  of 
granular,  disintegrated  matter. 

As  seen  under  the  microscope  the  components  vary  much  in  size 
and  also  in  transparency.  The  most  transparent  ones  are  dark 
brown  in  thin,  but  opaque  in  medium  thick  sections. 

This  constituent,  possibly  derived  from  bark,  is  characterized  by 
its  brownish  red  color  in  thin  section,  irregular  structure,  lumpiness, 
and  relative  opacity,  and  it  is  easily  distinguishable  from  the  rest  of 
the  coal.  Although  in  some  layers  or  laminae  it  may  be  quite  abun- 
dant, yet  it  forms  but  a  small  part  of  all  the  coal. 
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THE  ATTRITUS. 

An  examination  of  the  attritus  at  a  magnification  of  more  than  200 
diameters  shows  that  it  is  composed  largely  of  definite  units  or  well- 
defined  particles  and  contains  very  little  amorphous  material.  These 
units,  or  particles,  constituting  the  attritus  consist  chiefly  of  woody 
degradation  products  or  humic  matter,  spore  exines  of  a  large 
variety,  resinous  particles  of  various  origins,  particles  derived  from 
plant  tissues  in  a  more  highly  carbonized  condition  or  carbonaceous 
matter,  and  mineral  matter  such  as  pyrite  granules  and  sand.  These 
constituents  are  present  in  greatly  varying  proportions,  but  the  most 
important  are  the  first  three  named.  Occasionally  the  carbonaceous 
matter  also  becomes  predominant. 

THE  OAK   MINE   COAL;    CROSS   SECTIONS. 

An  examination  of  some  of  the  illustrations  will  verify  this  general 
statement.  Plate  LI,  A  (magnified  200  diameters),  representing  coal 
from  the  Oak  mine  in  the  Pittsburgh  seam,  and  prepared  from  the 
same  cross  section  as  Plate  XLV,  A  and  5,  represents  a  por- 
tion in  cross  section  of  a  typical  attritus  that  contains  a  large  pro- 
portion of  spore  exines,  shown  here  as  small,  irregular  white  linear 
patches  embedded  in  a  darker  groundmass.  The  mass  in  which  the 
spore-exines  are  embedded  is  shown  in  detail  in  Plate  LI,  5,  an  area 
included  in  Plate  LI,  A  (magnified  1,000  times).  It  should  be  con- 
sidered that  the  actual  area  represented  in  this  photograph  is  of 
microscopic  size,  measuring  only  about  one-tenth  of  a  millimeter,  or 
100  microns,  in  diameter.  In  this  photograph  the  cross  sections  of  the 
spore-exines  are  shown  as  heavy  white  wavy  lines.  These  represent 
collapsed  spheres  with  the  spore  walls  pressed  together  closely;  in 
some  the  remaining  cavity  is  clearly  shown.  The  wavy  or  crenulated 
outline  is  in  this  spore  is  due  to  serpentine  ridges  on  the  surface  of  the 
spore  wall,  better  shown  by  the  horizontal  sections  (PI.  LXI,  B ;  PL 
LXXV,  A\  PI.  LXXVI,  -4),  and  by  the  isolated  spore-exine  shown 
in  Plate  LXXXII,  1  and  2. 

Lodged  between  the  spore-exines  are  seen  degradation  products  of 
cellulosic  origin,  shown  in  gray,  a  few  resinous  particles,  also  in 
gray,  and  darker  carbonaceous  matter  in  black.  Under  the  micro- 
scope the  spore-exines  are  light-yellow,  translucent  bodies;  the  an- 
thraxylon  components  and  other  cellulosic  degradation  products  are 
orange  to  light  red,  being  similar  in  color  to  the  larger  anthraxylon 
components;  the  resinous  particles  also  are  of  a  similar  color;  the 
more  carbonaceous  components  appear  red  to  dark  red  in  thin  sec- 
tions, and  are  opaque  in  thicker  sections.  As  seen  in  these  and  other 
photographs,  much  of  the  anthraxylon  matter  consists  of  very  fine 
particles,  homogeneous  in  appearance  at  magnification  of  200  diam- 
eters, but  resolved  into  fine  particles  at  1,000  diameters. 
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Plate  LIU,  A^  taken  from  an  area  of  the  section  included  in 
the  lower  part  of  Plate  XLIV,  A^  shows  the  relative  sizes  and 
proportion  of  the  different  components.  The  attritus  is  composed 
largely  of  spore  matter,  but  also  contains  some  humic  matter  besides 
the  thin  anthraxylon  strips  running  through  it;  carbonaceous  par- 
ticles of  a  relatively  large  size  are  also  numerous.  The  large  num- 
ber of  dark  patches  represent  the  more  carbonaceous  anthraxylon 
components.  These  are  dark  red  and  almost  opaque  under  the 
microscope.  In  thicker  sections  they  are  opaque,  but  in  thinner  sec- 
tions they  become  translucent  and  have  a  very  dark  red  color,  to 
which  a  spectrum  or  a  panchromatic  plate  is  not  sensitive,  and  hence 
they  are  represented  in  black  in  the  photograph.  Plate  LIU,  fi, 
represents  an  area  included  in  Plate  LIU,  J.,  at  a  magnification  of 
1,000  diameters.  The  spore-exines  are  in  white,  the  more  carbo- 
naceous anthraxylon  matter  in  black,  and  the  general  anthraxylon  or 
humic  matter  and  the  resinous  matter  are  gray.  The  attritus  does 
not  always  contain  such  a  large  proportion  of  spore  matter  as  shown 
in  the  foregoing  illustrations. 

Plate  L,  A^  shows  a  part  of  a  lamina  that  contains  relatively  few 
spore-exines,  a  large  proportion  of  finely  divided  anthraxylon  par- 
ticles or  luunic  degradation  matter,  shown  as  thin  gray  objects, 
resinous  matter  shown  as  gray  oval  or  ovoid  bodies,  and  some  car- 
bonaceous matter  shown  as  black  oval  and  irregular  objects.  Plate 
LIV,  A  and  B,  and  Plate  LV,  5,  show  varying  proportions  of  the 
constituents  of  the  attritus,  but  the  fact  that  humic  particles,  spore- 
exines,  resinous,  and  carbonaceous  matter  form  the  chief  constituents 
in  all  illustrations  should  be  noticed, 

THE  EXPERIMENTAL  MINE  COAL;   CROSS  SECTIONS. 

The  coal  from  the  experimental  mine,  at  Bruoeton,  does  not  differ 
materially  from  that  of  the  Oak  mine.  As  the  only*  coal  examined 
from  this  mine  has  been  from  samples  gathered  by  standard  sampling 
methods,  the  horizon  of  the  seam  that  the  coal  represented  is  not 
known.  A  number  of  sections  have  been  prepared  from  such 
samples,  but  the  differences  as  seen  in  these  sections  have  not 
been  greater  than  are  shown  in  the  coal  from  the  Oak  mine,  in 
the  series  >aken  from  top  to  bottom-  The  proportion  of  the  attritus 
to  the  anthraxylon,  as  far  as  can  be  learned  from  the  sections  on 
hand,  and  as  may  be  seen  from  the  photographs,  is  about  the  same 
as  that  in  the  coal  from  the  Oak  mine.  The  constituents  of  the 
attritus  are  also  the  same  kind  as  those  in  the  attritus  of  the  Oak 
mine.     Also  the  relative  proportion  of  each  constituent  is  similar. 

Plates  LXIII  to  LXVI  i-epresent  intervals  of  a  continuous  strip 
of  the  coal  from  the  experimental  mine.  Tlie  cell  structure  is  ap- 
parent everywhere  in  the  antiiraxylon  matter.     Little  spore  mat- 
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ter  is  noticeable  in  these  sections;  there  is  considerable  resinous 
appearing  matter,  the  finer  matter  interlayered  with  the  fine  debris 
between  the  anthraxylon  strips,  and  also  some  highly  carbonaceous 
matter,  particularly  in  Plate  LXYI,  where  it  appears  as  irregular 
oval  granules.  Plate  LXVII  and  Plate  LXVIII,  both  from  the 
same  section,  show  considerably  more  spore  matter  and  macerated 
matter.  The  anthraxylon  strips  ft-a  and  8-a  in  Plate  LXVII  appear 
homogeneous  in  the  photograph,  but  under  the  microscope,  with 
proper  illumination,  remains  of  original  structure  are  clearly  seen. 

Plate  LXIX,  J.,  represents  a  part  of  a  section  in  which  the  an- 
thraxylon components  with  well-preserved  cell  structure  are  em- 
bedded in  a  highly  carbonaceous  attritus.  The  light-colored  lump 
at  3-d  is  a  mass  of  closely  united  spore  exines.  Plate  LXIX,  B^ 
represents  layers  rich  in  spore  matter,  seen  everywhere  in  this  coaL 
The  dark  lumps  at  2-d  and  4r-d  are  resinous  appearing,  opaque  in- 
clusions. Plate  LXX,  A  and  £,  represents  areas  from  similar  layers 
shown  in  Plate  LXIX,  B^  at  a  magnification  of  approximately  1,000 
diameters,  and  show  the  nature  of  the  matter  in  which  the  spore- 
exines  are  embedded,  llie  exines  appear  to  be  the  same  as  those  seen 
in  the  Oak  mine  coal.  Plate  LXX,  A  and  B^  shows  the  various  con- 
stituents distinctly;  the  gray  humic  matter,  the  dark  carbonaceous 
matter,  some  of  it  in  very  minute  particles,  the  more  homogeneous 
resinous  bodies,  and  the  lighter  spore  matter  are  all  shown  as  indi- 
vidual particles.  Attention  is  again  called  to  the  fact  that  the  ori^- 
nal  areas  represented  in  Plate  LXX,  A  and  i?,  are  only  one-tenth 
of  1  millimeter  in  diameter. 

THE  OAK  MINE  COAI*;  HORIZONTAIj  SECTIONS. 

As  in  examination  of  the  anthraxylon  components,  sections  of  the 
attritus  cut  parallel  to  the  bedding  planes  are  particularly  well  suited 
for  the  examination  of  its  components.  The  remaining  plant  cells 
of  the  components  of  the  debris,  like  the  cells  of  the  larger  an- 
thraxylon coal,  are  mostly  flattened,  lying  horizontal  with  the  bed- 
ding planes.  A  section  through  them,  or  including  them  in  whole 
or  in  part,  exposes  the  larger  part  or  surface  to  view,  and  if  any 
characters  are  retained  they  are  far  better  visible  on  the  broad  sides 
than  on  the  edges  exposed  in  a  cross  section.  Plate  LXI,  A  (magni- 
fied 150  times)-,  Plate  LXI,  B^  taken  from  an  area  included  in  the 
former  and  magnified  1,000  times,  Plate  LXII,  A  (magnified  160 
times),  and  Plate  LXII,  B  (magnified  1,000  times),  from  an  area 
included  in  Plate  LXII,  A^  are  from  horizontal  sections  prepared 
from  the  same  sample  as  Plate  XLIV,  -4,  and  Plate  XLV,  B.  It 
must  be  considered  that  the  photographs  represent  only  a  small  part 
of  the  sections  selected  from  representative  areas,  and  that  since  the 
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smaller  anthraxylon  components  are  both  numerous  and  as  a  rule 
quite  closely  packed  together,  a  large  proportion  of  any  horizcmtal 
section  is  usually  occupied  by  anthraxylon.  Plate  LXI,  J.,  corre- 
sponds to  a  layer  of  coal  similar  to  that  shown  in  Plate  LI,  A^  and 
presents  a  large  amount  of  spore  matter,  represented  by  the  smaller 
circular  to  oval  white  areas,  which  are  spore-exines  lying  on  their 
broad  sides.  The  irregular  gray  components  among  the  spore-exines 
represent  the  humic  matter,  and  the  black  irregular  parts  represent 
the  darker  and  more  opaque  or  highly  carbonized  matter.  Plate 
LXI,  B  (magnified  1,000  times),  shows  in  detail  the  spores,  their 
shapes^  surface  markings  and  distribution,  and  the  more  carbon- 
aceous or  more  opaque  components.  These  are  embedded  in  the  fine 
groundmass  composed  of  humic  matter,  consisting  of  still  more 
finely  divided  matter.  Plate  LXII,  A^  corresponding  to  a  portion 
of  coal  shown  in  cross  section  in  Plate  LIV,  -4,  shows  relatively 
little  spore  matter  but  considerable  humic  matter  and  opaque  mat- 
ter, both  mineral  and  carbonaceous.  In  the  lower  right-hand  part 
of  the  photograph  is  part  of  an  anthraxylon  component  with  the  cell 
structure  well  preserved.  Other  small  anthraxylon  fragments  ap- 
pear in  other  parts  of  the  photograph.  Plate  LXII,  5,  is  from  an 
area  of  the  section  included  in  the  former  photograph,  magnified 
1,000  times.  Besides  the  spore-exines  common  in  the  Pittsburgh 
seam,  such  as  are  shown  in  Plate  LXI,  J?,  it  shows  other  species  of 
spores  common  in  almost  all  coals  examined.  (See  chapter  <m 
«  Spore  Exines,"  p.  67.) 

EXPERIMENTAL  MINE  COAL;  HORIZONTAL  SECnONS. 

Horizontal  sections  of  any  coal  are  always  of  special  interest,  as 
they  bring  out  much  general  detail  that  is  usually  overlooked,  par- 
ticularly the  individuality  of  the  various  components.  Although 
this  is  true  of  all  the  coals  shown,  it  is  especially  true  of  those  from 
the  experimental  mine.  Study  of  these  photographs,  and  those  of 
cross  sections,  will  remove  any  wrong  ideas  as  to  the  homogeneity 
or  amorphous  condition  of  the  mass. 

Plate  LXXV,  J.,  represents  a  section  through  a  typical  attritus 
consisting  of  very  finely  divided  humic  matter,  spore-exines, 
a  little  resinous  matter  and  the  more  highly  carbonized  mat- 
ter, and  some  earthy  matter,  each  clearly  distinguished  from  the 
other.  Plate  LXXIII,  4  and  5,  and  Plate  LXXIV,  A^  both  magni- 
fied 150  times,  show  the  same  wherever  the  sections  cut  through  the 
attritus.  These  should  be  compared  with  Plate  LXXV,  A  and  B^ 
and  Plate  LXXVI,  A  and  5,  at  a  magnification  of  approximately 
1,000  diameters.  In  some  of  these  certain  objects  such  as  spore- 
exines    appear    to    be    embedded    in    a    homogeneous    mass,    as 
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in  Plate  LXXV,  B.  On  close  inspection  it  will  be  seen  that 
the  section  includes  an  anthraxylon  fragment,  in  which  the  woody 
structure  is  clearly  recognizable,  and  that  the  individual  particles 
composing  the  attritus  lie  closely  against  the  former  but  are  not 
actually  embedded  in  it.  If  such  a  section  is  compared  with  a  cross 
section,  especially  at  a  magnification  of  1,000  diameters,  it  will  be 
seen  how  closely  packed  and  how  intimately  united  the  particles 
are,  nevertheless  representing  definite  and  individual  objects  with 
definite  boundary  lines.  Plate  LXXV,  A  and  S,  gives  a  clearer  idea 
of  the  sculpturing  of  the  predominating  spore-exine  in  this  coal  than 
any  of  the  other  photographs.  Plate  LXXVII,  A  and  5,  represents 
cross  sections  of  the  coal  of  the  Pittsburgh  seam  from  Madison,  Pa., 
and  Plates  LXXVIII  to  LXXX  from  unknown  localities  of  the 
Pittsburgh  seam.  These  coals  do  not  differ  materially  from  those 
already  discussed. 

SECTIONS  OF  OTHER  COALS. 
nUNOIS  COALS,  FBO^  THE  NO.    6  BED. 

In  general  the  coals  from  the  No.  6  bed  of  Illinois,  namely,  from 
the  Hart- Williams  mine,  from  the  mine  of  the  Benton  Coal  Co.,  both 
near  Benton,  from  Zeigler,  Royalton  and  Sesser,  all  in  Franklin 
County,  are  similar  to  the  Pittsburgh  coal.  As  detailed  an  interpreta- 
tion as  was  given  for  the  Pittsburgh  coals  will  not  be  necessary  as  the 
reader  has  become  familiar  with  the  appearance  of  the  coals  in  the 
photographs,  and  is  able  to  interpret  them  himself.  Plates  LXXXIX 
to  CX  represent  coals  from  vein  No.  6  of  the  Illinois  coals.  When 
Plates  LXXXIX  to  XCI,  Plate  C  VI,  and  Plate  C  VIII  of  the  Illinois 
coals  are  compared  with  Plates  LI,  A ;  LIII,  A ;  LI V,  A ;  LXIX,  B ; 
LXXVII,  A ;  and  LXXX,  J.,  of  the  Pittsburgh  coal,  the  resemblance 
of  the  attritus  is  striking.  Many  photographs  could  be  taken  that 
would  practically  duplicate  each  other.  Plate  LXXXIX,  -4,  and 
CVIII,  4,  show  typical  attritus  of  these  coals.  Interlayered  between 
the  anthraxylon  strips,  the  spore-exines  may  be  recognized  embedded 
in  a  matrix  consisting  of  humic  matter,  resinous  particles,  and  the 
opaque  or  more  highly  carbonaceous  matter.  In  the  sections  under 
the  microscope  various  mineral  constituents  may  he  observed,  as  in 
the  Pittsburgh  coals. 

Plate  LXXXIX,  B ;  Plate  XC,  4  and  5 ;  Plate  XC V,  ^  and  i? ; 
Plate  XCVT,  A  and  B\  and  Plate  CVIII,  B^  at  a  magnification 
of  1,000  diameters,  show  that  the  attritus  is  here  also  composed 
largely  of  definite  particles  intimately  united  into  a  compact  mass. 

The  ratio  of  the  various  constituents  forming  the  mass  varies  con- 
siderably, but  on  the  whole  the  proportion  of  carbonaceous  matter 
is  small  and  the  proportion  of  humic  matter  is  large.    The  propor- 
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tion  of  spore-exines  is  variable  not  only  in  the  different  coals  from 
the  vein,  but  also  in  different  sections  of  the  coal  from  the  same 
locality,  and  even  in  the  different  striae  in  the  same  section.  Spores 
form  an  appreciable  part  in  these  coals,  as  large  a  part  as  in  the 
Pittsburgh  coal. 

THIS  OOAI.  FBOM  THB  BUXTON   IdNE. 

The  attritus  of  the  Buxton  coal  is  composed  of  the  same  kinds  of 
oonstitutents  as  that  of  the  other  coals,  but  the  constituents  are  com- 
paratively coarse.  The  spore-exines  are  large,  the  humic  matter 
consists  chiefly  of  coarse  irregular,  flat  particles,  and  the  resinous 
matter  consists  of  large,  regularly  shaped  particles.  These  con- 
stituents are  mixed  with  a  large  proportion  of  opaque  matter,  which 
in  certain  layers  appears  as  definite  irregular  particles ;  in  some  it  is 
arranged  more  or  less  in  sheets  and  in  others  it  forms  the  embed- 
ding mass  for  the  other  constituents.  This  is  well  illustrated  in 
Plates  CXXV  to  CXXVII.  Much  of  the  opaque  component  is 
earthy,  and  differs  from  the  carbonaceous  matter,  of  which  there 
is  also  a  considerable  amount  present,  in  that  it  is  absolutely  opaque 
and  has  an  earthy  appearance.  Although  the  relative  proportion 
of  the  organic  constituents  of  the  attritus  varies  from  place  to  place, 
in  most  of  the  samples  there  is  about  50  per  cent  of  each.  Gran- 
ules of  iron  pyrites  form  a  considerable  amount  of  the  attritus  of 
this  coal. 

THE   8IPSET   COAL. 

The  attritus  of  the  Sipsey  coal,  shown  in  Plates  CXXXVll- 
CXXXIX,  varies  considerably  in  its  appearance  and  in  the  relative 
amounts  of  its  constituents,  although  the  latter  are  of  the  same  kind 
as  in  other  coals.  It  is  similar  to  that  of  the  Pittsburgh  coals;  in 
some  respects  and  similar  to  that  of  the  Buxton  coals  in  others,  and 
may  be  said  to  consist  of  two  kinds.  It  contains  less  opaque  earthy 
matter  and  is,  therefore,  of  a  lighter  color  than  the  attritus  of  the 
Buxton  coal.  The  resin  content  is  also  lower  and  the  humic  matter 
is  more  finely  divided. 

THE  VANDALIA  COAL. 

As  has  already  been  pointed  out,  the  Vandalia  coal  is  very  an- 
thraxlous  and  contains  only  a  small  amount  of  attritus.  This  is 
similar  in  content  to  the  attritus  of  the  Illinois  coals,  though  it  con- 
tains much  finely  divided  humic  matter  and  relatively  little  spore 
matter.  Iron  pyrites  grains  are  fairly  numerous  in  the  attritus,  and 
are  suflSciently  abundant  in  some  layers  to  give  them  an  opaque  ap- 
pearance.    (Pis.  CXLIII  to  CL.) 
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THE   OABBON   HILL   COAL. 

The  attritus  of  the  coal  from  Carbon  Hill  is  in  every  respect 
very  similar  to  that  of  the  Pittsburgh  coal.  (Pis.  LXXXIV- 
LXXXVIII.) 

THE  COMPONENTS  IN  DETAIL. 

In  the  foregoing  chapter  the  author  has  sought  to  show  that  in  all 
ordinary  bituminous  coals  the  attritus  is  similarly  composed  and 
that  it  is  analogous  to  the  attritus  in  peat.  Although  the  propor- 
tions of  various  constituents  may  vary  considerably,  or  their  appear- 
ance and  kind  may  differ  slightly,  in  general  they  are  all  of  the 
same  class.  The  main  constituents  forming  the  attritus  will  be 
considered  under  five  heads,  as  follows:  The  humic  matter,  resinous 
matter,  the  spore-exines,  fungi,  other  organisms,  the  carbonaceous 
matter,  and  the  rodlet. 

THE  HUMIC  MATTEB. 

Humic  matter  comprises  all  matter  in  a  finely  macerated  condition 
derived  from  plant  tissues,  but  usually  not  revealing  original  cell 
structure,  and  does  not  include  spore-exines,  pollen-exines,  cuticles, 
and  resinous  matter.  The  latter  class  of  components  is  of  micro- 
scopic fineness,  including  particles  easily  visible  under  the  micro- 
scope, and  such  as  are  too  fine  to  be  recognizable  except  by  ultramicro- 
scopic  means.  The  latter  class  is  usually  termed  "  homogeneous  mat- 
ter," and  there  is  remarkably  little  of  it  present  in  most  coals.  The 
origin  of  the  humic  matter  is  considerably  wider  than  that  of  the 
anthraxylon,  as  was  seen  in  the  study  of  the  origin  of  the  attritus 
in  peat.  Chemical  tests  and  the  history  of  humic  matter  in  peat 
show  it  to  be  chiefly  of  cellulosic  and  lignocellulosic  origin.  It  con- 
sists largely  of  macerated  wood  fibers  and  parenchymatous  cells, 
with  some  macerated  walls  of  bark,  cork,  phloem,  pith,  leaf  tissues, 
and  also  some  gummy  substances  from  any  and  every  plant  that 
contributed  to  the  deposit.  It  has  therefore  much  the  same  nature 
as  the  anthraxylon. 

The  color  as  seen  in  thin  sections  is  similar  to  that  of  the  an- 
thraxylon, ranging  from  a  light  orange  to  a  deep  red.  Its  phy- 
sical appearance  is  also  similar  to  that  of  the  anthraxylon  of  the 
same  coals,  and  by  its  color  and  physical  nature  it  may  readily  be 
distinguished  from  the  other  constituents  of  the  attritus. 

The  humic  matter  has  already  been  indicated  in  the  photographs 
accompanying  the  general  discussion  of  the  attritus.  Although  humic 
matter  is  apparent  in  every  photograph  showing  attritus,  reference 
is  made  to  the  following  photographs  in  order  to  recall  its  general 
appearance  and  nature.  Plate  LI V,  A ;  Plate  LV,  B ;  Plate  LVIII, 
A ;  Plate  LXI,  A  and  B ;  LXII,  A  and  5,  of  coal  from  the  Oak  mine ; 
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Plate  XLni;  Plate  LXX,  ^  and  5;  Plate  EXXII,  .1;  Plate 
LXXIV,  ABndB;  Plate  LXXV,  AsJidB;  Plate  LXXVI,  A  and  5, 
of  coal  from  the  experimental  mine;  and  Plate  LXXIX,  A  and  B^ 
and  Plate  LXXX,  A  and  By  from  other  parts  of  the  Pittsburgh  seam, 
give  a  good  idea  of  the  humic  matter  contained  in  the  Pittsburgh  coaL 

Other  good  illustrations  are  Plates  LXXXVI  and  LXXXVIII,  A, 
of  the  Carbon  Hill  coal.  Plate  LXXXIX,  A^  and  particularly  Plates 
LXXXIX,  B ;  XC,  A  and  B^  at  1,000  diameters,  of  the  Hart- Williams 
coal;  Plate  CVIj^jand  Plate  CVIII,  J.,  of  the  Koyalton  coal,  give 
good  illustrations  of  the  humic  matter  in  the  Illinois  coals  in  a  granu- 
lar condition,  and  Plates  XCV  and  XCVI  show  it  in  a  homogeneous 
condition.  Attention  is  called  to  Plate  CHI,  A  and  5,  and  Plate  CIV, 
A  J  of  the  Sesser  coal,  which  show  much  humic  matter  in  the  shape  of 
large  irregular,  angular  bodies,  differing  in  appearance  from  either 
typical  humic  or  resinous  matters.  The  most  pronounced  granular 
or  conmiinuted  condition  is  found  in  the  Shelbyville  coal,  shown  in 
Plate  CXV,  A,  and  Plate  CXVI,  A.  Plate  CXV,  B,  and  Plate 
CXVI,  By  at  1,000  diameters,  from  the  same  coal,  do  not  show  the 
granular  condition  so  well,  but  do  show  the  nature  of  the  very  fine 
humic  matter  in  which  the  larger  humic  particles  and  the  spore- 
exines  are  embedded.  The  Buxton  coal  has  a  mass  of  coarse  material 
of  various  forms  and  appearance  (PL  CXXIV,5),  consisting  largely 
of  irregular  flat  particles,  in  places  associated  with  roimded 
particles  (PI.  CXXV,  B)  that  may  be  resinous  or  merely  himiic. 
Bodies  of  a  similar  nature  appear  in  Plate  CXXVI,  B.  As  they  are 
lighter  colored  than  the  anthraxylon  and  other  typical  humic  mat- 
ter, they  may  be  resinous.  The  appearance  of  the  humic  matter  *in 
horizontal  sections  of  this  coal  is  shown  in  the  Plates  CXXVIII, 
A  and  5,  and  CXXIX,  AsudB. 

An  examination  of  the  photographs  at  1,000  diameters  will  show 
that  there  is  very  little  humic  matter  in  a  homogeneous  condition,  to 
which  fact  due  attention  has  been  called  in  connection  with  the  gen- 
eral discussion  of  the  attritus. 

THE  BESINOUS  HATTEB. 

Universally  scattered  through  the  attritus  of  all  bituminous  coals 
are  cei-tain  particles  that  form  an  appreciable  part  of  many  coals. 
These  are  rarely  angular,  have  a  homogeneous  consistency,  are 
brownish  red  and  similar  to  the  anthraxylon  components  and  the 
humic  matter  in  color,  and  are  optically  active. 

They  are  termed  resinous  bodies  or  particles,  as  they  are  analogous 
to  the  resinous  components  of  the  lignites,  the  origin  and  identity  of 
which  are  more  certain.  Microchemical  tests  give  positive  testi- 
mony of  the  resinous  nature  of  these  bodies  in  the  lower  grades  of 
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lignites,  but  every  attempt  to  obtain  proof  of  their  resinous  nature 
in  bituminous  coals  has  failed.  For  that  matter,  in  coal  derived 
from  the  woody  or  cellulosic  parts  of  plants  chemical  tests  also  fail 
to  show  their  chemical  nature  or  origin,  but  here  the  remaining 
original  plant-cell  structure  in  which  they  are  found  furnishes  posi- 
tive proof  of  origin.  The  free  resinous  matter 'shows  also  the  form 
and  other  characteristics  like  that  of  the  resinous  matter  in  recent 
plants,  but  this  evidence  is  not  as  reliable  or  as  certain  as  the  pres- 
ence of  the  remaining  cell  structure  of  the  anthraxylon  components. 

OCCURRENCE. 

The  so-called  resinous  components  still  remain,  as  a  whole,  the 
least  known  and  the  most  indefinite  constituents  of  bituminous  coal 
and  the  most  uncertain  as  to  origin. 

Fortunately  there  are  a  number  of  transition  stages  from  that  in 
which  the  resinous  particles  are  included  in  a  fairly  well  preserved 
woody  tissue  to  that  where  they  are  free  in  the  attritus.  Plate 
CL,  A^  shows  an  anthraxylon  component  in  parts  of  which  the 
tissue  including  numerous  'resinous  particles  in  its  characteristic 
way  is  very  well  preserved,  and  leaves  no  doubt  that  it  is  a  remnant 
of  a  resinous  plant ;  in  other  places  of  the  same  piece  the  woody  tissue 
is  in  various  stages  of  decay,  the  cells  appear  disintegrated  and  in- 
definite, and  the  resinous  particles,  apparently  well  preserved,  lie 
free  in  the  debris  or  are  partly  included  in  fragments  of  the  tissue. 
This  is  partially  shown  in  Plate  CXLIX,  A,  In  other  places  the 
cell  structure  has  disappeared  almost  completely,  leaving  little  else 
but  the  resinous  matter.  (PI.  CXLIX,  B.)  Furthermore,  the  Van- 
dalia  coal  contains  a  number  of  other  anthraxylon  strips  in  which 
similar  resinous  bodies  are  still  included  in  situ.  (PI.  CL,  A>) 
Numerous  resinous  bodies  similar  to  these  are  scattered  free  through- 
out the  coal.  The  Vandalia  coal  may  be  termed  an  anthraxylon  coal, 
and  many  of  the  anthraxylon  components  are  resinous.  Some  of 
the  resins  included  are  of  the  kind  mentioned,  others  differ,  but  many 
of  the  types  seen  in  place  are  also  recognized  among  those  scattered 
free  through  the  coal.  Similar  transition  stages  have  been  observed 
in  other  coals. 

Here,  then,  are  certain  constituents  that  are  included  in  the  tissues 
of  certain  plants.  In  the  living  plants  such  inclusions  are  almost 
always  the  natural  resins,  though  a  few  may  be  gums  and  waxes. 
There  is  every  reason  to  believe  that  similar  inclusions  in  the  tissues 
of  the  Paleozoic  plants  are  resins,  and  that  a  few  may  be  gums  or 
waxe&  Bodies  or  particles  that  resemble  in  every  respect  the 
inclusions  in  the  anthraxylon  components  are  found  free  in  this 
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ooal ;  and  the  concIiisi<Mi  that  these  also  are  of  a  siinilar  origin  and 
are  resins  or  resinous  particles  is  reasonable. 

Every  ooal  examined  has  particles  of  similar  nature  and  appear- 
ance scattered  throu^  it.  Some  coals,  like  the  Vandalia  coal,  con- 
tain a  great  many,  probably  one-foorth  to  ime-third  of  certain 
laminae  of  this  coal  being  of  a  resinons  nature:  other  coals  contain 
much  less.  The  Buxton  coal  contains  the  next  laigest  percentage  of 
resinous  matter.     (Pis.  CXXIV^XX\TL) 

SOURCES. 

Three  sources  of  resinous  secretions  are  recognized  in  living  plants : 
The  stem,  the  bark  or  cortex,  and  the  leaves.  Only  evidences 
of  resinous  contents  of  the  stems  have  previously  been  cited.  In  the 
Buxton  coal  appearances  clearly  tend  to  show  that  some  of  the  resin 
particles  scattered  through  the  debris  undoubtedly  had  their  origin 
in  the  stems  of  plants,  as  similar  types  are  found  still  in  place  in 
great  numbers;  but  others  apparently  had  their  origin  in  leaves. 
The  latter  lie  in  straight  rows,  in  single,  double,  and  occasionally  in 
triple  rows.  Frequently  they  are  included  between  rather  heavy 
cuticles,  as  shown  in  Plate  XCVIII,  A  and  Bj  of  an  Illinois  coaL 
When  thus  associated  with  cuticles,  it  seems  that  they  are  the  residue 
of  the  leaf  of  which  the  cuticles  once  were  a  part  When  they  are  not 
included  between  cuticles  the  evidence  is  not  so  clear.  Plate  CXXVI, 
B^  shows  a  single  row  of  resinous-appearing  bodies  not  included 
between  cuticles.  Sesinous  particles  included  between  cuticles  are 
found  also  in  other  coals. 

Besides  these  two  classes  that  may  be  associated  with  each  other, 
there  are  in  these  coals  a  large  variety  of  particles  scattered  through- 
out the  debris  that  can  not  be  definitely  placed,  but  nevertheless,  have 
all  the  characteristics  of  resins.  Plate  CIII,  -S,  and  Plate  CIV,  A^  of 
the  Sesser  coal,  show  particles  that  are  of  a  resinous  consistence, 
but  do  not  have  the  usual  form  of  resinous  particles. 

DISTINOUISHINO  CHARACTERISTICS. 

Although  the  resin  particles  resemble  the  anthraxylon  or  humic 
components  closely  in  color,  transparency  and  consistence,  they  may 
usually  be  distinguished  through  their  form  and  particularly 
through  their  homogeneous  consistence.  When  examined  in  cross 
sections  the  resin  bodies  appear  rounded  or  oval,  rarely  angular, 
whereas  the  humic  components  even  when  in  minute  fragments  are 
thin  and  flat  and  usually  angular.  The  resinous  substance  is  homo- 
geneous, or  finely  granular,  whereas  the  substance  of  the  humic  mat- 
ter is  always  coarsely  granular  and  readily  distinguishable  from 
the  former. 
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In  the  horizontal  sections  the  distinction  between  the  resinous 
and  huniic  contents  through  their  form  is  not  always  so  easy,  espe- 
cially when  the  former  had  their  origin  in  wood  fibers  and  the  latter 
ai-e  in  a  fragmentary  condition.  But  wlien  the  resinous  particles 
are  ovoid  or  approximately  spherical,  as  shown  in  Plate  CXLIX,  B^ 
they  are  easily  distinguished.  Often  when  the  resinous  particles  are 
from  the  contents  of  a  cell  fiber,  as  in  the  wood  of  our  recent  conifers, 
the  particles  contain  peculiar  constrictions,  or  indentations,  or  a 
number  of  vacuoles  that  identify  them.  Most  resin  particles,  whether 
ovoid,  spherical,  or  fibrous,  contain  numerous  vacuoles  or  fine  bubbles 
that  appear  to  be  characteristic  of  resinous  bodies.  Nevertheless, 
there  remains  a  relatively  small  amount  of  the  fragmentary  matter 
that  must  be  classed  either  with  the  resinous  or  the  humic  matter, 
but  can  not  as  yet  be  safely  identified. 

Characteristic  resinous  particles  are  shown  in  Plates  CXLVII,  B^ 
CXLVIII,  B,  CXLIX,  B,  of  the  Vandalia  coal;  Plates  XLIX,  A 
and  B,  L,  A,  LXX,  B,  LXXVIII,  A,  of  the  Pittsburgh  coal;  Plates 
XCIII,  A,  XCIV,  B,  C,  B,  of  the  Illinois  coal;  and  Plates  CXXV, 
A^  and  CXXVI,  5,  of  the  Buxton  coal. 

THE  SPOBE-EXIKES. 

Next  in  importance  in  the  attritus  are  the  spore-exines.  None  of 
the  coals  examined  are  free  from  them.  Even  the  coal  with  the  least 
number  of  spore-exines,  the  Vandalia  coal,  contains  on  the  whole  a 
considerable  proportion  of  exine  matter.  Examination  of  the  photo- 
graphs will  probably  not  give  an  absolutely  correct  idea  of  the  pro- 
portion of  spores  to  other  components  of  coal,  but  they  may  be  de- 
pended upon  to  furnish  a  general  idea  of  the  proportion  of  spores  in 
the  attritus.  The  photographs  taken  at  a  magnification  of  200  dia- 
meters have  for  the  most  part  been  selected  to  show  average  con- 
ditions. 

No  attempt  at  taxonomic  identification  was  made,  as  that  would 
involve  an  extensive  study  and  would  probably  be  out  of  place  here, 
no  matter  of  how  great  interest  it  may  be  in  other  fields.  Only 
such  characteristics  will  be  pointed  out,  as  size,  form,  structure, 
distribution,  types  and  predominance  of  certain  types  in  certain 
coals. 

SOURCES. 

As  to  the  origin  of  those  bodies,  called  spore-exines,  there  can  now 
be  no  doubt.  The  only  question  that  can  arise  is  whether  they  are 
the  exines  of  true  spores  of  mosses,  Lycopodiales,  and  Filicales,  or 
the  pollens  of  gymnosperms. 

Thus  there  is  the  possibility  of  having  in  the  Paleozoic  coals 
spares  from  three  great  groups  of  plants:  Mosses,  Pteridophytes, 
125636*--20— BulL  117 6 
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and  Gymnosperms.  The  Pteridophytes  may  be  conveniently  divided 
into  three  great  families ;  the  Calamites,  in  which  may  be  classed  the 
horse  tails;  the  Lycopodiales,  to  which  belong  the  club  mosses  or 
ground  pines;  and  the  Filicalas,  to  which  belong  the  ordinary  ferns; 
the  gymnosperms  comprised  two  families,  the  Cycadofilicales,  and 
the  Coniferales.  The  spores  of  the  last  two  groups  are  true  poUens- 
As  has  been  stated  repeatedly,  all  that  has  survived  through  the  coal 
forming  processes  is  the  outer  spore  wall  or  exine,  and  the  chemical 
nature  of  the  exines,**  whether  of  spores  or  pollens,  is  similarly  com- 
posed. In  the  living  plants  this  has  been  shown  in  the  spores  of 
Lycopodium  chivatum  by  Langer,  and  the  pollen  of  the  hazel  by  Von 
Planta,  and  of  Pinus  sylvestris  by  Von  Planta  and  by  Krestling.* 

There  is  every  reason  to  believe  that  the  chemical  composition  of 
the  Paleozoic  plants  was  not  materially  different  from  that  of  any 
of  the  recent  plants.  Tlieir  life  functions  and  their  chemical  and 
physical  processes  of  life  and  growth  must  have  been  the  same  as 
that  of  the  plants  of  to-day.  The  spore-exines  in  coal  owe  their 
preservation  to  their  resistant  chemical  nature,  a  characteristic  also 
of  the  spores  of  recent  plants. 

Under  the  microscope  the  spore-exines,  on  account  of  their  trans- 
parency and  clear  color,  are  the  most  conspicuous  objects  in  the  coal. 
They  contrast  sharply  with  the  woody  components  and  the  resinous 
particles,  or  with  any  of  the  constituents  of  coal  except  the  cuticles, 
which  are  similar  in  color  and  transparency,  and  are,  therefore, 
readily  distinguishable.  In  thin  sections  by  transmitted  light  they 
are  clear  light  yellow ;  in  thicker  sections  they  are  golden  yellow  to 
light  orange.  Their  consistence  is  finely  granular,  particularly 
noticeable  at  high  magnifications.  Tliese  features  are  the  same  for 
the  exines  from  all  the  coals  examined.  At  magnifications  of  about 
1,000  diameters  spores  usually  show  specific  differences  through  vari- 
ous characters  that  are  well  preserved.  They  have  usually  retained 
the  common  flattened  shape  so  apparent  in  the  photographs  from  the 
cross  sections.  This  is  nearly  always  due  to  the  collapse  of  the  shell 
or  exine  of  the  spore  through  pressure.  Change  of  form  otherwise 
than  by  flattening  is  not  characteristic  of  any  coal  in  particular.  For 
example,  in  the  coal  from  the  Vandalia  mine  the  exines  in  some  strise 
have  assumed  a  lenticular  form,  whereas  in  the  same  section  in  an- 
other lamina  they  are  present  in  the  natural  shape.  Sometimes  they 
look  as  though  melted  into  a  little  lump.  But  this  condition  is  some- 
times found  in  certain  striae  and  sometimes  among  well  preserved 
exines. 

In  horizontal  sections  the  spore  exines  appear  as  circular  or  oval 
areas,  many  of  which  tend  to  be  triangular.    When  isolated  from  the 

•Wblte,  Dayid.  and  Thlessen,  Relnhardt,  Origin  of  coal:  Bull.  88,  Bureau  of  Mines, 
1914,  pp.  274,  275. 
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coal  they  are  thin  disks,  unless  they  have  'been  changed  in  some  way 
or  another  into  irregular  shapes. 

TETRASPORIC  MARKINGS  AND  SCULPTURING. 

AH  the  true  spore-exines  show  the  tetrasporic  markings,  which 
are  usually  on  the  broad  side ;  the  exine  predominant  in  Pittsburgh 
coal  has  these  markings  most  often  along  the  periphery  of  the  disk. 
The  outer  surface  of  an  exine  may  be  smooth,  sculptured  or  beset 
with  spines,  papillae,  or  other  appendages;  in  many  exines  these  are 
arranged  in  definite  order  and  occur  in  a  variety  of  forms.  These 
sculpturings  may  be  serpentine  ridges,  as  in  the  predominant  exine 
of  the  Pittsburgh  coal  (Pis.  LXI,  B;  LXXV,  A;  and  LXXXII, 
1  and  2),  or  merely  irregular  elevations,  as  in  the  exine  frcmi  the 
Sesser  ooal  (PI.  CXII,  7) ;  they  may  be  echinate  spines,  as  repre- 
sented in  Plate  CXXKVI,  3,  long  heavy  spines,  as  shown  in  Plate 
CXI,  A  and  B^  or  delicate  spines,  as  in  Plate  CXII,  2  and  3 ;  they 
may  consist  of  ramenta  covering  either  the  whole  surface,  as  shown 
in  Plate,  CXXXII,  1  to  4,  or  confined  to  a  small  atea,  as  in  the 
exines  €hown  in  Plate  CXXXV,  1  to  6.  The  outer  part  of  some 
exines  has  developed  into  a  thin  fringe  or  border  surrounding  the 
whole  spore  (Pis.  CXVII,  1),  appearing  as  a  zone  in  the  collapsed 
exine,  and  in  some  exines  the  outer  part  has  developed  into  sacks,  of 
which  there  are  three  in  the  Buxton  megaspore-exine  shown  in  Plate 
CXXX,  A  and  5,  and  Plate  CXXXI,  1  to  4 ;  and  others  have  a  num- 
ber of  wings,  as  shown  in  Plate  LXXII. 

In  the  exines  of  the  pollen  the  disks  are  invariably  oval  or  ovoid. 
They  have  no  tetrasporic  marks,  but  almost  all  have  a  slit  parallel 
to  the  long  axis  of  the  oval.  Many  of  these  slits  have  a  short  cross 
slit  at  or  toward  one  of  the  ends.  So  far  as  can  be  observed  the 
surfaces  of  the  pollen  exines  are  smooth.  They  are  all  similar  in 
shape  but  differ  greatly  in  size.  (Pis.  LXII,  B ;  LXXVI,  A  and  B ; 
LXXXII,  4;  CXII,  4  and  6;  CXVII,  3;  CXXIX,  ^  and  5;  and 
CXXX  VI,  2.)  This -type  of  exine  has  been  found  in  every  coal 
examined,  and  in  some  coals  it  is  the  predominant  type  of  spore 
matter. 

MICROSPORES  AND  MEGASPORES. 

As  with  the  spores  of  the  living  plants  there  are  in  the  coals  two 
kinds  of  spores — ^megaspores  and  microspores.  Microspores  develop 
in  large  numbers  in  a  sporangium  and  are  relatively  small.  Only 
one,  or  a  few  megaspores  develop  in  a  sporangium  and  they  are 
relatively  large.  The  size  of  the  spore  does  not  distinguish  a  mi- 
crospore from  a  megaspore  as  much  as  does  its  mode  of  develop- 
ment and  especially  its  function  as  a  spore  in  the  living  plant. 
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DISTRIBUTION. 

The  proportion  of  the  spore-exines  present  in  the  coals  examined 
varies  greatly.  The  Vandalia  coal,  as  observed  from  standard 
samples  and  one  large  Imnp  on  hand,  contains  the  least  of  all  coals 
examined,  but  the  coal  from  Sesser,  111.,  does  not  contain  any  more. 
The  coal  from  Shelbyville,  111.,  contains  by  far  the  most,  approxi- 
mately one- fourth  to  one-third  of  the  coal  being  composed  of  exines. 
Attention  is  called  to  the  fact  that  the  cannel  coals  as  far  as  ex- 
amined, are  composed  largely  of  spore-exines,  but  cannel  coals  are 
not  considered  in  this  paper.  All  the  coals  examined  from  the 
Pittsburgh  bed  contain  a  large  proportion.  Equal  to  these  in  spore- 
exine  contents  are  the  coals  from. the  Sipsey  mine,  Rock  Creek  bed, 
in  Alabama,  and  the  coal  from  Buxton,  Iowa.  The  coals  examined 
from  Benton,  111.,  and  Zeigler,  HI.,  probably  contain  the  average  pro- 
portion. 

The  distribution  of  the  spore-exines  can  best  be  ascertained  by 
examining  the  plates.  The  spore-exines  may  be  very  numerous  in 
some  layers  of  attritus  and  almost  absent  in  another  layer  in  the 
same  section.  In  some  layers  they  may  represent  the  largest  part 
of  the  layer,  and  in  others  only  a  small  part.  In  many  spots  they 
are  bunched  and  constitute  almost  the  whole  lamina  or  sheet.  (PI. 
CXIX,  B.)  These  densely  crowded  laminae  may  lie  between  pieces 
of  anthraxylon  or  in  the  attritus. 

SPORANGIA   AND    OONES. 

All  the  coals  examined  included  nests  or  lenticular  mats  that  can 
be  isolated  quite  readily  through  the  maceration  process ;  these  prove 
to  be  more  or  less  circular  lense-shaped  bodies  about  the  size  of  small 
megaspores  and  are  composed  of  innumerable  microspore-exines  very 
closely  united.  These  are  particularly  abundant  in  the  coals  from 
Shelbyville,  111.,  and  Buxton,  Iowa,  but  are  found  in  all  cfoals.  (PI. 
CXXI,  A  and  -S,  and  PI.  CXXII,  A.)  Many  are  still  surrounded 
by  a  wall  in  which  the  tissue  is  still  well  preserved.  (PI.  CXXXIII, 
A  and  5,  and  PI.  CXXXIV,  A.)  Occasionally  large  nests  of  such 
lenticular  aggregates  of  spore-exines,  some  inclosed  by  a  sporangial 
wall,  are  found  in  close  proximity.  (PL.  CXXXII,  A  and  B.)  Oc- 
casionally a  large  number  are  found  packed  together,  some  being 
inclosed  in  a  well-preserved  wall,  all  arranged  around  a  common  axis, 
and  many  showing  definite  remnants  of  trabeculae.  (PI.  XIV.) 
These  are  the  remains  of  sporangia,  clusters  of  sporangia  and  cones. 

The  light  region  at  co  in  the  photograph  of  the  lumps  of  coal  from 
the  Benton  coal  shown  in  Plates  XII  and  XIII  represents  part  of 
such  a  cone.  Plate  XIV  shows  part  of  the  same  cone  magnified  ten 
times.    At  a  higher  magnification  the  remaining  cell  structure  of 


MICBOSCOPIC  EXAMINATION  OF  COAL.  71 

the  axis  and  sporophylls  are  clearly  recognizable,  as  also  the  trabe- 
culie  of  the  sporangia. 

One  of  the  sporangia  in  the  Buxton  coal  shown  in  Plate  CXXI, 
A  and  B^  at  a  magnification  of  10  diameters,  is  shown  in  part  in 
Plate  CXXXIII,  A  and  B^  at  a  magnification  of  200  diameters. 

In  Plate  CXXXIII,  J.,  the  tip  of  the  sporangimn  is  shown,  also 
the  sporangia!  wall,  which  is  covered  with  a  cuticle  and  in  which  the 
cell  structure  is  clearly  recognized.  In  Plate  CXXXIII,  5,  a  more 
central  part  of  the  sporangium  is  shown.  At  1-ep  are  seen  the  imma. 
ture  spores,  at  2-w  the  inclosing  wall,  and  at  3-d  the  attritus  com- 
posed of  anthraxylon  matter,  resinous  matter,  spore-exines  and  more 
carbonaceous  and  earthy  matter.  Plate  CXXXIV,  -4,  represents 
part  of  the  former  at  a  magnification  of  approximately  900  diameters, 
showing  particularly  the  cell  structure  of  the  spore  wall  and  the 
cuticle  overlying  it.  Plate  CXXXIV,  5,  shows  the  spores  of  the 
same  sporangium,  also  at  a  magnification  of  approximately  900  di- 
ameters; Plate  CXXVII,  5,  shows  the  attritus  including  spore- 
exines,  shown  in  Plate  CXXXIII,  5,  at  a  magnification  of  1,000 
diameters. 

An  examination  of  these  shows  that  the  spore-exines  of  the 
debris  and  those  still  contained  in  the  sporangium  wall  are  of  the 
same  kind — conclusive  evidence  that  the  predominant  spores  of  the 
coal  are  from  plants  that  grew  in  the  bog  during  the  peat-forming 
stage,  as  it  would  be  impossible  for  whole  cones  and  sporangia  With 
immature  spores  to  have  been  carried  far  by  winds. 

All  the  coals  examined  contain,  besides  the  free  spore-e^ines  dis- 
tributed through  them,  these  nests  or  aggregates  of  spores  represent- 
ing sporangia  or  part  of  cones  or  whole  cones.  These  are  evidently 
the  bodies  called  middletonite  *  by  Johnston.* 

TYPES. 

No  thorough  classification  of  the  spore-exines  found  in  the  coals 
has  been  made.  This  problem  is  chiefly  of  palaeobotanical  interest 
and  out  of  place  here,  except  for  its  stratigraphic  value.  This  would 
permit  the  classification  of  certain  types  of  spore-exines  in  their 
proper  phyla,  order,  family,  genera,  or  species.  For  the  present 
reference  is  made  to  each  exine  that  is  predominant  in  or. charac- 
teristic of  a  certain  coal  deposit.  To  try  to  give  a  definite  name  to 
them  without  knowing  their  affinities  and  relationships,  as  has  been 
done  by  some  in  the  past,  would  be  a  waste  of  time  and  space.  No 
benefit  is  gained  by  naming  the  exine  predominant  in  and  charac- 

-    -  _  ■      -  ^M     ■■-■    _  t^M   ■-■^  ■!     -1        _     ■  M      ^^^^M-^^M- t-W—\ 1— TM 1— W ■ 1 

•White,  Dayld,  and  TbiesBen,  Rheinhardt,  Origin  of  coal:  Bull  38,  Bureau  of  Mines, 
1914,  p.  193. 

*  Johnston,  James  F.  W.,  On  the  composition  of  certain  mineral  substances  of  organic 
origin.  The  London  and  Edinburgh  Phil.  Mag.  and  Jour,  of  Sci.,  Tol.  12,  1838,  pp. 
162-103. 
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teristic  of  the  Pittsburgh  seam  ^  Sporangites''  Pittsburgheiisis  as 
does  Dawson,  or  ''Trilet ''  Pittsburghensis,  as  dcfes  Bennie  and  Kids- 
ton,,  or  giving  some  such  meaningless  name.  When  their  relation- 
ships are  known  proper  names  will  be  given  them. 

GROUPING  OF  COALS  BY  THEIR  SFORE-EXINE8. 

Coals  from  certain  beds  contain  a  type  of  spore-exines  that  is 
predominant  in  or  characteristic  of  that  bed,  or  both.  Even  a  casual 
examination  of  the  photographs  of  the  coals  from  the  different  locali- 
ties from  the  Pittsburgh  bed,  for  example,  will  reveal  a  striking 
similarity  in  the  predominating  mass  of  the  spore-exines.  A  closer 
examination  shows  that  the  exines  are  of  the  same  type  in  every  part 
of  the  seam.  In  comparing  the  coal  from  the  Sipsey  mine,  in  the 
Black  Creek  bed,  with  that  from  Carbon  Hill,  in  the  Jagger  bed  of 
Alabama,  the  type  of  the  exine  in  each  is  strikingly  different,  but  the 
predominating  mass  of  exines  in  each  coal  are  all  of  the  same  kind. 
The  same  is  true  for  the  Buxton  coal  and  for  the  microspores  of  the 
Shelbyville  coal.  In  each  of  these  coals  the  predominating  spore 
is  characteristic  of  that  coal,  for  it  is  found  only  in  that  coal.  Other 
spcre-exines  are  characteristic  of  a  certain  bed,  but  are  not  the  pre- 
dominant spore,  as  the  beaked  megaspore  in  the  Buxton  coal  or  a 
heavily  spined  exine  in  the  coal  from  the  Hart- Williams,  Buxton,  and 
Zeigler  mines. 

Although  not  enough  coals  from  the  Illinois  and  Indiana  coals 
have  been  examined,  the  observations  so  far  indicate  that  these 
coals  may  be  grouped  with  respect  to  the  predominating  or  the 
characteristic  type  of  spores  they  contain.  This  subject  may  find  a 
wide  application  in  determining  the  different  beds  in  the  Illinois 
coal  fields,  and  it  deserves  careful  development. 

SPOSE-EXINES  FBOIC  THE  PITrSBUBGH  BEAM. 

In  the  photographs  of  the  coals  of  the  Pittsburgh  bed  from  the 
experimental  mine,  the  Oak  mine,  Madison,  Connellsville,  a  mine  in 
Ohio,  near  Moundsville,  W.  Va.,  and  lumps  picked  up  from  time  to 
time  from  coal  delivered  in  Pittsburgh  for  household  use,  one  type 
of  spore-exines  predominates  in  the  coal  from  each  locality;  closer 
examination  shows  a  second  type,  of  a  larger  size,  but  in  relatively 
small  numbers.  These  two  types  so  far  have  only  been  found  in  the 
Pittsburgh  bed  and  hence  are  characteristic  of  it.  Besides  these  two 
kinds  a  number  of  others  occur  in  relatively  smaller  numbers,  but 
thev  are  also  found  in  other  coals. 

The  characteristic  spore-exine  of  the  Pittsburgh  seam  is  a  flat- 
tened ovate  disk  with  an  average  diameter  of  15  by  16  microns.  It 
is  therefore,  the  exine  of  a  very  small  spore.     The  surface  is  molded 
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into  closely  folded,  blunt,  serpentine  ridges.  (PI.  LXI,  5/  PI. 
LXXV,  A^  and  PI.  LXXXII,  1  and  2.)  These  ridges  seem  to  be 
arranged  symmetrically  with  respect  to  the  tetrasporic  markings. 
In  some  of  the  exines,  as  seen  in  horizontal  sections,  a  gi'oove,  which 
is  a  part  of  the  tetrasporic  marking,  runs  across  the  disk,  to  which 
the  serpentine  ridges  on  either  side  are  symmetrical.  (PI.  LXI,  A 
and  B,)  This  groove  is  rarely  exposed  in  horizontal  sections.  The 
spore  may  be  readily  isolated  from  the  coal  by  means  of  the  macera- 
tion process  and  studied  from  all  sides.  The  groove  is  then  seen  to 
lie  along  the  periphery  of  the  disk  and  to  be  part  of  the  tetrasporic 
marking  of  the  spore.  In  all  probability,  the  groove  formed  the 
weakest  line  or  the  most  flexible  zone  in  the  thick  exine,  and  when  the 
exine  was  put  under  a  stress  and  the  walls  collapsed,  the  bending  oc- 
curred along  this  line  and  hence  lay  along  the  periphery  in  most  of 
the  spores.  The  spore  rarely  bent  at  another  line  than  the  tetrasporic 
groove,  in  which  event  the  groove  lay  across  the  disk.  In  some  of  the 
exines  the  ridges  are  an-anged  symmetrically  around  a  certain  point 
or  pole  of  the  disk,  Plate  LXXXII,  2.  The  disks  of  such  exines  are 
more  nearly  circular,  but  some  tend  slightly  to  be  triangular.  The 
serpentine  ridges  on  the  surface  give  the  exine  an  irregular  wavy 
outline  when  seen  in  cross  sections  at  very  high  magnification. 

The  large  spore-exine  characteristic  of  the  Pittsburgh  bed  is 
shown  in  Plate  LXXVII,  Plate  LXXX,  Z?,  ami  Plate  LXXXI,  A, 
at  a  magnification  of  1,000  diameters.  Cross  sections  only  have  been 
obtained  of  this  type.  It  is  similar  in  nature  and  appearance  to  the 
smaller  spore  just  described,  but  is  much  larger,  measuring  between 
70  and  90  microns  across  the  disk. 

SPOBE-EXINES   FBOM    THE   SIPSET   HINE. 

The  coal  from  the  Sipsey  mine  has  also  one  predominant  and 
characteristic  type  of  spore-exine.  Whether  this  type  prevails 
throughout  the  coal  bed  worked  by  the  Sipsey  mine  remains  to  be 
seen,  as  only  one  can  of  samples  taken  according  to  standard  meth- 
ods has  been  examined  from  that  bed. 

The  collapsed  exine  as  it  occurs  in  the  coal  is  roughly  salver 
shaped.  The  disk  is  not  quite  circular,  but  slightlv  triangular.  Its 
cross  section  (PL  CXXXVIII,  A  and  B,  and  PL  CXXXIX,  A 
and  i5)  is  roughly  that  of  a  plano-concave  lens,  because  of  the  differ- 
ence in  the  thickness  of  tlie  spore  wall.  In  that  area  of  the  spore  walls 
where  the  four  spores  were  united  during  the  tetraspore  formation 
the  exine  is  relatively  very  thin,  whereas  the  other  part  of  the  spore 
wall  is  relatively  thick.  When  the  spore  contents  disappeared 
through  decay  and  the  remaining  spore  wall  finally  collapsed,  this 
thinner  area  was  almost  always  pressed  down  against  the  relatively 
thick  part  opposite,  but  a  part  of  the  thicker  area  lying  on  the  pe- 
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riphery  of  the  thin  area  was  drawn  over  with  it,  thus  forming  a  thick 
outer  rim.    The  isolated  spore-exine  is  shown  in  Plate  CXLI,  B. 

The  diameter  of  the  disk  of  the  collapsed  spore  is  between  40  and 
60  microns  (1/20  mm.),  so  that  the  spore  was  large  as  compared 
with  the  predominant  spore  of  the  Pittsburgh  bed.  The  surface  is 
studded  with  numerous  small  spines  that  have  a  tendency  to  arrange- 
ment in  spiral  rows. 

Many  of  the  exines  in  the  samples  examined  are  well  preserved, 
others  are  so  changed  that  they  present  only  an  irregular  mass  or 
little  lumps  of  exine  matter,  and  between  these  two  extremes  are  all 
stages.  The  state  of  preservation  varies  in  different  sections  and 
in  different  striae  of  a  section. 

SPOBE-]£XINES   FBOM    THE  BUXTON    COAL. 

A  number  of  interesting  types  of  spore-exines  appear  in  the  coal 
from  the  Buxton  mine.  One  type  is  the  predominant,  and,  so  far  as 
now  ascertained,  the  characteristic  type;  another,  a  small  mega- 
spore,  seems  to  be  characteristic  of  this  coal,  but  is  by  no  means  pre- 
dominant. 

The  spore-exine  predominant  in  the  Buxton  coal  is  similar  in 
shape  to  that  of  the  Sipsey  coal.  It  roughly  resembles  a  plano-con- 
cave lens,  but  the  disk  is  usually  oval  instead  of  slightly  triangular. 
(PI.  CXXXVI,  1.)  The  tetrasporic  area  of  the  exine — that  is,  that 
area  in  which  the  four  spores  were  united  during  the  growth  period — 
appear  to  be  thinner  and  the  free  area  thicker  than  the  corxespond- 
ing  parts  of  the  Sipsey  exine.  Tlie  thicker  part  of  the  spore  wall, 
furthermore,  contains  numerous  vacuoles  of  varj^ing  sizes.  For  this 
reason,  the  texture  of  the  cross  section  strongly  resembles  the  cross 
section  of  an  almond  shell.  Plate  CXXVII,  5,  shows  the  exine  in 
cross  section,  and  Plate  CXXXVI,  1,  on  the  broad  side.  These 
vacuoles  give  the  exines  a  reticulated  appearance  when  seen  on  one 
of  the  flattened  sides.  Spore-exines  of  similar  appearance  are  found 
in  the  cannel  coal  from  Caldwell,  Mo.*" 

In  the  Buxton  coal  also  the  remains  of  parts  of  or  of  whole 
sporangia  occur  to  a  large  extent,  either  separate  or  grouped  to- 
gether into  cones  or  parts  of  cones.  Frequently  the  sporangium 
walls  still  include  the  spores  and  in  so  good  a  state  of  preservation 
that  the  cell  structure  is  still  clearly  shown.  (PI.  CXXXIII,  A  and 
-S,  and  PI.  CXXXIV,  A,)  Sometimes  the  spores  included  appear 
to  be  immature.  The  spores  of  almost  all  the  sporangia  are  of  the 
same  type  as  those  that  form  the  predominant  type  of  the  coal. 

MEQASPOBES. 

The  most  interesting  spore-exines  of  the  Buxton  coal  are  its  mega- 
spore-exines,  of  which  there  are  several  types.    The  more  prominent 

•White,  David,  and  Tbiessen,  Beinhardt,  The  origin  of  coal:  BuU.  38,  Bureau  of 
Mines,  1914,  p.  250. 
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type,  shown  in  Plate  CXXX,  A  and  5,  may  easily  be  isolated  by 
means  of  Schulze's  maceration  reagent,  and  then  handled  with  forceps 
for  examination.  It  is  relatively  large,  though  not  the  largest  found  in 
the  coal,  measuring  approximately  one  millimeter  across  the  disk, 
exclusive  of  the  wings.  In  a  collapsed  condition  its  shape  is  some- 
what triangular,  as  seen  in  the  photographs  just  mentioned.  This 
exine  is  remarkable  because  of  its  wings;  normally  there  are  three, 
formed  by  an  extension  of  the  exine  wall  into  long  thin-walled  sacks. 
These  sacks  are  extremely  delicate  and  break  off  in  an  attempt  to 
remove  the  exine  from  the  mass.  In  Plate  CXXX,  A  and  5,  they 
appear  as  short  tongues,  and  represent  but  a  part  of  the  original 
appendages.  A  cross  section  of  the  exine  while  still  lodged  in  the 
coal  gives  a  better  idea  of  the  sack  and  its  delicate  nature,  as  shown 
in  Plate  CXXXI,  2,  in  which  one  of  the  three  sacks,  somewhat 
folded,  is  seen  in  cross  section.  The  inner  cavity  of  the  exine  com- 
municates with  the  interior  of  the  wing.  Plate  CXXXI,  1,  3,  and  4, 
are  also  cross  sections  of  the  same  kind  of  spore  but  the  wings  are 
not  so  well  shown.  Megaspores  similar  in  size,  shape,  and  general 
appearance  are  found  in  the  Shelbyville  coal,  but  the  wings  here  are 
but  very  short  or  stunted  compared  with  those  of  the  Buxton  exine. 
(PL  CXVIII,  5,  and  PI.  CXIX,  A  and  B.) 

Another  interesting  megaspore-exine  (PI.  CXXXV,  1  to  6),  has 
on  a  small  area  a  profusion  of  long  ramenta,  now  much  curled  and 
disheveled.  In  the  living  plant  presumably  the  ramenta  start  . 
from  this  area  much  as  the  pappus  of  a  thistle  or  a  dandelion  seed. 
The  exine  is  of  about  the  same  size  as  the  one  described  previously 
but  much  thinner.  It  has  been  found  also  in  the  Ziegler  and  the 
Royalton  coals,  though  not  so  frequently. 

In  another  type  (PI.  CXXXII,  1  and  4),  the  whole  surface  is  . 
covered  with  a  ramenta.  Plate  CXXXII,  1,  represents  one  of  these 
in  cross  section  at  a  magnification  of  40  diameters.  Plate  CXXXII, 
2,  at  200  diameters,  shows  the  left  end,  and  Plate  CXXXII,  3,  also 
magnified  200  times,  shows  the  right  end  of  the  same  spore  in  better 
detail.  Plate  CXXXII,  4,  shows  the  end  of  another  exine  of  the  same 
type.  So  far  this  type  has  been  found  only  in  the  Buxton  coal.  Be- 
sides these,  other  megaspores  of  the  ordinary  type  similar  to  those  of 
other  coals  are  found,  including  the  giant  megaspore  prevalent  in 
the  ShelbyviUe  coal.    (PI.  CXVIII,  A.) 

PREDOMINANT  EXINES  OF  THE   SHELBYVttLE   COAL. 

Another  coal  in  which  by  far  the  greater  proportion  of  the  exines 
are  of  one  type  is  that  from  Shelbyville.  The  exine  was  described  * 
as  constituting  the  bulk  of  the  spore  matter  of  that  coal.    This  type 

•White,  Dayidt   and  Thiessen,   Ueinhardt,  The  origin   of  coal:   Bull.    38,   Bureau  of 
Mines,  1014,  p.  263. 
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of  exine  averages  approximately  100  microns  in  diameter,  measured 
across  the  disk.  It  has  a  darker  central  area  which  constitutes  the 
spore-exine  proper,  measuring  approximately  40  to  50  microns  across 
the  disk,  and  is  comparatively  thick-walled.  This  part  is  surrounded 
by  a  much  thinner  border  approximately  25  to  30  mi<!rons  wide,  the 
unequal  width  gives  a  triangular  outline.  (PI.  CXIII,  B.)  Evi- 
dently this  border  served  as  a  wing  in  the  living  spore.  -The  tetras- 
poric  marks  extend  across  the  inner  or  main  portion  of  the  exine. 

A  smaller  microspore,  found  in  large  numbers,  is  conspicuous  and 
dominant.  It  is  only  a  little  larger  than  the  central  or  main  part  of 
the  spore-exine  just  described.  Its  tetrasporic  marks  are  prominent. 
(PI  CXVII,  2.) 

A  giant  megaspore  of  the  Shelbyville  coal  measuring  approxi- 
mately 3  millimeters  in  diameter  is  the  predominant  type  of  mega- 
spore. It  can'  easily  be  seen  in  the  coal  with  the  naked  eye,  appear- 
ing as  little  brown  disks.  Plate  CXVIII,  J.,  represents. an  isolated 
spore,  magnified  35  times.  This  spore-exine  has  been  found  in 
smaller  numbers  also  in  the  Buxton  and  the  Pittsburgh  coals.  A 
smaller  megaspore  found  in  considerable  numbers  in  the  Shelby- 
ville coal  is  shown  isolated  in  Plate  CXVIII,  5,  i^nd  Plate  CXIX,  A, 
and  in  cross  section  still  lodged  in  the  coal  in  Plate  CXIX,  B,  The 
spore-exines  resemble  very  closely  the  smaller  megaspore-exine 
found  in  the  Buxton  coal  in  size,  general  form,  and  thickness  of 
spore  wall,  except  that  the  wings  or  the  sacks  of  the  Shelbyville 
exmes  are  comparatively  short  and  rudimentary.  Tliis  is  clearly 
shown  in  Plate  CXIX,  5,  a  section  through  a  pad  of  these  exines. 

SPORE-EXINES  IN  THE  ILLINOIS  COALS  OF  BED   NO.   6. 

The  Illinois  coal  from  bed  No.  6,  as  far  as  has  been  examined, 
contains  a  number  of  the  different  types  of  spores  found  also  in 
most  coals,  but  there  seems  to  be  no  predominant  type.  One  type  of 
spore,  however,  seems  to  be  characteristic  in  the  vein,  and  to  pre- 
dominate in  the  Sesser  coal.  It  is  an  §xine  of  medium  size,  be- 
tween 30  and  40  microns  in  diameter,  slighly  triangular  in  shape, 
irregularly  sculptured,  and  with  thick  walls.  The  isolated  spore  is 
shown  in  Plate  CXII,  7,  and  a  cross  section  of  the  same  type  still  em- 
bedded in  the  coal  in  Plates  XC,  A;  XCVI,  B;  XCVII,'^/  CIV,  B; 
and  CV,  A  and  B.  Other  types  characteristic  to  this  bed  may  pos- 
sibly be  discovered  later.  Sporc-exines  with  long  blunt  spines  (PI. 
CXI,  A  and  B)  and  a  type  of  large  nutlike  exine  (PI.  CXII,  4  and 
6)  have  been  found  only  in  these  coals. 

THE  CABBONACEOUS  MATTEB. 

The  carbonaceous,  or  more  highly  carbonized  matter,  or  the  darker 
and  more  opaque  matter,  present  in  all  coals,  occurs  in  many  forms. 
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Two  kinds  are  usually  recognized.  One  has  definite  structure  and 
clearly  represents  highly  carbonized  parts  of  cells  or  small  groups  of 
cells  and  bits  of  tissues,  and  is,  therefore,  anthraxylon  and  humic ;  the 
other  is  irregular  and  disorganized  and  of  uncertain,  though  plainly 
organic,  origin ;  no  cell  structure  is  evident.  In  sections  of  ordinary 
thickness  the  particles  of  both  kinds  range  from  opaque  to  barely 
translucent  and  are  dark  red.  In  very  thin  sections  most  of  the 
particles  are  translucent  and  dark  red.  The  irregular  particles 
are  generally  the  less  translucent  and  also  the  more  abundant. 

When  a  coal  is  dissolved  by  means  of  the  Schulze  method,  that  is, 
if  the  reaction  is  not  carried  too  far,  these  constituents  remain  behind, 
together  with  the  spore-exines  and  cuticles,  and  in  this  condition 
their  nature  is  best  studied. 

THE  MORE  HIGHLY  CARBONIZED  ANTHRAXYLON. 

The  identity  of  the  carbonaceous  anthraxylon  particles  is  not 
readily  established  in  the  cross  section,  except  when  they  appear  as 
larger  groups  of  cells  or  bits  of  tissues,  but,  on  the  other  hand,  it  is 
easily  determined  in  horizontal  sections  in  which  the  carbonaceous 
particles  are  common.  In  some  sections  there  may  be  only  a  few,  but 
in  others  many  are  present,  as  shown  both  in  the  sections  and  in  the 
residue  after  a  dissolution  of  the  coal  in  Schulze's  reagent.  They 
may  have  had  their  origin  in  any  plant  that  contributed  to  the  coal 
and  may  either  be  of  choUenchymatous  or  parenchymatous  origin, 
usually  the  former.  As  already  intimated,  they  may  consist  of  only 
a  fragment  of  a  cell  or  fiber  or  tissue,  or  of  groups  of  fragments  (PI. 
LX,  A).  When  fragments  of  cells,  they  range  in  size  from  the  most 
minute  particles  to  whole  cells  or  fibers.  When  in  groups  they  range 
from  a  few  cells  to  a  large  part  of  a  tissue  (PL  LX,  5),  and  in  the 
latter  state  form  charcoal  or  "  mother  coal."  All  the  photographs, 
both  of  vertical  and  horizontal  sections,  show  this  component  in  one 
way  or  the  other. 

The  cell  structures  in  the  carbonized  anthraxylon  are  nearly 
always  well  preserved,  often  as  well  as  in  petrified  wood  or  in  living 
plants,  and  all  the  cell  characters  known,  such  as  spiral  and  scleren- 
chymatous  thickenings,  bordered  pits,  etc.,  are  easily  recognized. 
When  in  the  shape  of  cells  or  group  of  cells  the  walls  usually  have 
retained  much  of  their  natural  shape. 

The  finer  carbonaceous  matter  of  this  class  also  is  nothing  more 
than  finer  particles  or  smaller  fragments  of  the  common  charcoal 
or  "  mother  coal." 

THE  DISORGANIZED  CLASS  OF  CARBONIZED  MATTER. 

The  more  irregular  opaque  bodies  are  not  so  easily  defined.  These 
are  apparently  of  divers  origins  and  occur  in  a  variety  ,of  forms  and 
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shapes.  Some  are  irregular,  others  almost  spherical,  with  all  pos- 
sible gradations  between.  In  size  they  range  from  microscopic  par- 
ticles to  those  visible  to  the  eye;  the  former  being  more  numerous. 
A  large  portion  of  them  are  clearly  more  highly  carbonized  resinous 
matter;  the  origin  of  others  is  uncertain.  The  more  spherical  par- 
ticles suggest  resinous  matter.  (Pis.  L,  A ;  LII,  B ;  UII,  A ;  LIV,5 ; 
LXV,  B ;  LXIX,  B ;  LXXIX,  A ;  and  LXXX,  A.)  Some  are  porous 
or  vacuolated ;  others  appear  as  nodules  of  combined  mineral  and  or- 
ganic matter  or  semipetrified.  Although  in  medium  thin  sections 
they  may  be  opaque,  in  very  thin  sections  they  are  translucent.  The 
pyrite  nodules  present  in  all  coals,  are  absolutely  opaque  no  matter 
how  thin  the  section. 

The  carbonaceous  matter  seen  so  characteristically  at  a  magni- 
fication of  1,000  diameters,  has  the  same  general  nature  as  that  seen 
at  lower  magnifications.  But  it  should  be  understood  that  much  of 
the  fine  matter,  shown  in  many  of  the  photographs  at  a  magnification 
of  1,000,  and  approaching  the  limit  of  visibility,  is  of  mineral  origin. 

RODLETS. 

From  time  to  time  attention  has  been  called  to  certain  components 
designated  "  rodlets  "  or  "  needles."  In  vertical  sections,  especially  in 
vertical  sections  for  opaque  observation  at  low  magnification,  these 
appear  as  black  glistening  spots,  usually  circular  or  oval,  but  some  are 
crescent-shaped  and  some  are  irregular  (PI.  XXII,*  J.,  and  PI. 
XXIII.)  Plate  XXVIII,  Plate  XXXII,  Plate  XXXIV,  B;  and 
Plate  XXXV,  A  and  5,  show  the  rodlets  in  horizontal  cleavage  sur- 
faces. 

These  rodlets  usually  occur  in  two  different  ways,  either  lodged  in 
the  attritus  seemingly  independent  of  any  woody  tissue  or  structure, 
or  associated  with  definite  structure  or  anthraxylon  pieces  of  coal. 

BODLETS    SCATTERED  THROUGH    THE   ATTBITITS. 

Although  these  rodlets  are  scattered  promiscuously  through  the 
coal  they  are  particularly  abundant  in  some  horizons  in  the  attritus. 
When  a  piece  of  coal  is  split  along  a  horizontal  cleavage  plane 
through  such  layers,  many  needlelike  bodies,  parallel  to  the  bed- 
ding plane  in  every  conceivable  direction  are  exposed  on  both  sur- 
faces of  the  fracture.  (PI.  XXXV,  A  and  B,)  The  rodlets  dif- 
fer in  length  and  thickness,  in  various  layers  and  to  some  extent  in  the 
same  layer  or  fracture;  that  is,  in  some  layers  they  are  all  fine,  oc- 
casionally very  fine  and  of  microscopic  thickness,  but  still  differing 
from  each  other  in  thickness.  In  another  layer  they  may  be  thick 
and  coarse,  also  varying  in  thickness  within  the  layer,  or  again  they 
may  be  of  medium  tliickness,  but  thick,  thin,  and  medium  rodlets  are 
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rarely  found  together  in  one  layer.  Occasionally  they  are  uniformly 
thick,  some  almost  cylindrical,  others  tapering,  some  straight,  others 
curved,  irregularly  bent,  or  crooked ;  some  semicylindrical  or  roughly 
so,  but  all  differ  greatly  in  length  and  seem  to  be  short  pieces  of  longer 
bodies. 

BODIJTTS   ASSOCIATED    WITH   WOODY   STBUCTURES. 

When  associated  with  woody  structures  rodlets  are  a  definite  part 
of  the  structure,  always  lying  parallel  to  the  woody  fibers;  in  other 
words,  they  are  a  part  of  the  piece  of  anthraxylous  coal  in  which  they 
are  formed.  They  vary  in  thickness  like  the  rodlets  scattered  in  the 
attritus.  Their  length  depends  entirely  on  the  size  of  the  piece  of 
the  anthraxylon  in  which  they  are  found.  Similar  rodlets  are  found 
in  the  so-called  charcoal  in  similar  relationship.* 


CHARACTERISTICS   OF   THE  RODLETS. 


The  rodlets  are  nonresinous,  do  not  fuse,  and  do  not  swell  on 
heating,  and  when  they  bum  at  all  they  do  not  bum  with  a  sooty 
flame.  Their  exterior  surface  is  rather  rough  and  dull,  but  when 
broken  they  reveal  a  smooth,  jet  black,  glistening  fracture.  They  are 
brittle,  and  break  with  a  conchoidal  fracture.  Some  are  dense  and 
solid,  others  more  or  less  spongy.  They  are  rich  in  quartz,  and  are 
petrified  or  semipetrified  or  composed  of  a  mixture  of  finely  divided 
organic  or  coaly  matter  and  quartz.  Some,  in  fact,  consist  entirely 
of  silicious  matter,  some  having  a  central  core  of  quartz  surrounded 
by  a  thinner  or  thicker  coat  of  .semicarbonaceous  matter,  in  some 
the  carbonaceous  matter  is  more  or  less  crescent  shaped  in  cross  sec- 
tion. Usually,  however,  the  whole  rodlet  is  composed  of  petrified 
matter.  The  rodlets  may  be  composed  wholly  of  quartz  or  contain 
only  a  small  amount,  but  the  proportion  of  quartz  is,  on  the  whole, 
very  high.  The  rodlets  can  easily  be  removed  from  the  coal,  and 
with  a  hot  flame  the  organic  matter  may  be  entirely  burned  out  leav- 
ing a  snow-white  silicious  matter,  which  is  of  a  delicate  spongy  nature 
and  varies  in  amount  and  texture  according  to  the  proportion  of  the 
original  components.  When  the  silicious  content  is  relatively  small 
the  structure  of  the  residue  is  very  delicate,  and  when  the  silicious 
content  is  very  high,  the  residue  is  solid. 

Although  many  rodlets  have  exterior  markings,  no  definite  or- 
ganized markings,  such  as  pits,  spirals  or  trabaculae,  have  been  ob- 
served on  the  rodlets.  When  exterior  markings  are  present  they 
consist  of  small  irregular  hollows,  irregularly  situated.  Frequently, 
however,  these  are  arranged  in  rows,  quite  closely  packed,  resembling 
pits  of  tracheae.     (PI.  CLVI.) 

*  White,  David,  ReBlns  in  paleozoic  plants  and  In  coals  of  high  rank :  Prof.   Paper 
85-B,  U.  S.  Geol,  Surrey,  1914,  pp.  75-76. 
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THE  ORIGIN    OF    RODLET8. 


During  the  coal- forming  period  the  plants  contributing  to  the  coal 
deposits  were  chiefly  Lepidodendrons,  Lygenodendrons  and  Medul- 
losae.  The  seems  of  these  plants  were  woody  cylinders  or  rings  of 
wood  or  xylem.  In  the  center  of  the  stems  in  some  was  a  large  core 
of  pith,  and  surrounding  the  ring  of  wood  was  a  thick  cylinder  of 
cortex  consisting  mainly  of  a  pith-like  tissue.  In  the  stems  of  others, 
as  Heterangium  Grievii,  there  was  no  pith,  but  the  whole  central 
part  was  occupied  by  a  vascular  or  woody  cylinder  composed 
throughout  of  irregular  anastomosing  groups  of  tracheae,  inter- 
spersed with  strands  of  parenchymatous  or  pith-like  tissue ;  and  the 
central  cylinder  of  wood  was  surrounded  by  a  thick  cortex. 

In  other  forms,  as  the  MeduUosae,  several,  usually  three,  solid  vas- 
cular cylindei*s,  close  together  were  surrounded  by  a  common  cortex, 
(PL  CLI,  A),  In  all  of  them  the  wood  was  divided  into  wedges 
by  broad  rays  consisting  of  parenchymatous  tissue.  The  cortex  of 
all  these  forms  was  pervaded  by  numerous  leaf  traces.  Strands  or 
bundles  of  vessels  issuing  from  the  vascular  cylinders  would  turn 
upward  before  entering  the  leaves,  run  up  into  the  cortex  a  con- 
siderable distance  and  finally  run  outward  into  the  leaves.  In  some 
of  these  forms  the  cortex  was  traversed  by  numerous  mucilage  canals, 
that  closely  resembled  the  mucilage  canals  of  the  living  cycads.  A 
correct  idea  of  the  structure  of  these  stems  may  best  be  obtained  by 
examining  the  stem  of  a  fossil  Medullosa.  Plate  CLI,  Ay  represents 
a  cross  section  of  the  stem  of  Medullosa  anglica,  the  only  stem  so  far 
found  in  this  country.  In  the  central  part  of  the  stem  the  three 
vascular  cylinders,  each  with  its  central  primar>"  wood  are  visible  (px) . 
Inclosing  the  three  vascular  cylinders  is  a  common  periderm  (p) ,  out- 
side of  this  is  the  inner  cortex  (ic)  and  surrounding  this  again  is  the 
outer  cortex  (oc).  Although  the  cortex  of  this  specimen  was  much 
disorganized  and  pyritized,  both  the  mucilage  canals  and  the  leaf 
traces  may  be  distinguished.  Plate  CLI,  5,  Plates  CLII,  and  CLIII, 
are  radial  sections  through  the  cortex  and  part  of  one  of  the  steles 
of  the  same  stem,  showing  the  mucilage  canals  (m)  and  the  leaf 
traces  (It)  in  the  parenchyma  (ic).  At  (oc)  may  be  observed  scleren- 
chymatous  strands  in  the  outer  cortex. 

In  Plate  CLIV,  A  and  5,  both  showing  coal  from  Shelby ville, 
there  is  a  very  close  resemblance  to  the  appearance  of  the  radial  sec- 
tions of  the  Medullosa  stems.  The  lighter  parts  (p)  are  clearly 
shown  to  be  parenchymatous  tissues ;  in  this  are  embedded  vascular 
strands  (vs),  closely  resembling  the  vascular  strands  of  leaf  tracas 
in  the  fossil  Medullosa,  and  slender  needle-like  bodies  (m)  that 
closely  resemble  the  contents  of  the  mucilage  canals  of  the  same 
specimen.    These  needlelike  bodies  resemble  in  every  particular  the 
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rodlete  found  throughout  the  coals.  Similar  woody  patches  are  com- 
mon in  ahnost  every  coal.  Woody  components  containing  rodlets  are 
evidently  not  all  of  the  same  species,  as  a  number  of  different  types 
c6ntain  rodlets. 

Plate  CLV  shows  a  woody  patcli  from  the  Zeigler  coal.  In  this 
specimen  the  vascular  tissue  consists  of  rather  broad  bands  (vs), 
whereas  the  parenchymatous  tissue  consists  of  comparatively  nar- 
row strands  (p).  In  this  specimen  the  needles  or  rodlets  are  in  the 
vascular  strands.  Some  rodlets  are  embedded  in  the  parenchy- 
matous tissue  as  far  as  can  be  determined  by  the  pieces  left. 

Several  types,  apparently  different,  are  found,  but  details  concern- 
ing them  is  unnecessary.  Enough  has  been  shown  to  reveal  the 
identity  of  some  of  the  rodlets  and  to  show  that  the  mucilage  canals 
of  the  MeduUosi^e  and  related  forms  are  one  source  of  rodlets. 

FUNGI. 

Bodies  resembling  the  hyphee  and  spores  of  fungi  have  been  found 
in  all  of  the  coals  examined.  Fungi  have  positively  been  identified 
in  the  coal  from  the  Vandalia  mine.  (PI.  CLVII,  A  and  B,)  Tlie 
hyphae  are  found  only  in  the  anthraxylon  strips,  which  in  some  sec- 
tions are  densely  crowded  with  them.  Their  habits  seem  to  have  been 
much  like  those  of  certain  fungi  that  infest  the  wood  of  recent  plants. 
The  hyphae  run  largely  parallel  to  the  fibers  of  the  wood,  and  pre- 
sumably in  the  lumina,  but  penetrate  the  walls  of  the  fibers  at  right 
angles  (PL  CLVII,  -4),  a  characteristic  habit  of  recent  fungi.  Fre- 
quently they  radiate  irregularly  from  a  common  center:  (PL 
CLVII,  B,)  Sporelike  thickenings  are  often  observed,  as  shown 
in  the  photographs  just  referred  to,  and  are  similar  to  those  found 
in  woody  peat. 

Sporelike  bodies  have  been  found  associated  with  spore-filled 
sporangia  in  the  coal  of  the  experimental  mine.  A  part  of  such  a 
sporangium  is  shown  in  Plate  CLVIII,  ^,  at  a  magnification  of  150 
diameters,  the  sporelike  bodies  being  visible  among  the  spore-exines. 
Plate  CLVIII,  B,  and  Plate  CLIX,  A  and  B,  taken  from  different 
parts  of  the  sporangium  at  a  magnification  of  approximately  1,000 
diameters,  show  the  same  bodies  more  distinctly.  The  tissue  of  the 
sporangium  is  well  preserved  on  one  end  and  almost  lacking  on 
the  other.  On  the  latter  end  are  numerous  indefinite  threadlike 
bodies,  presiunably  hyphae.  The  sporelike  bodies  occur  in  largest 
numbers  in  the  semistnictureless  region,  as  shown  in  the  photographs. 
The  evidence  is  not  sufficient  for  a  positive  conclusion,  but  the  bodies 
in  question  probably  are  fungi. 
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OTHER  ORGANISMS  IN  COALS. 

Other  bodies  that  deserve  notice  are  shown  in  Plate  CLX,  A  and  B. 
These  are  of  an  unknown  origin,  and  their  general  nature  may  best 
be  learned  from  the  photographs.  The  individual  body  is  rounded, 
but  slightly  wedge-shaped,  and  a  number  of  these,  either  9  or  10, 
often  form  a  complete  ring.  Others  are  scattered  separately  through 
the  section.  The  organism  is  exceptionally  small,  the  ring  measuring 
between  7  and  9  microns  and  the  individual  bodies  about  2  microns 
in  diameter. 

COMPARISON  OF  THE  STRUCTURES  OF  THE  COALS. 

THE  COALS  FEOM  THE  PITTSBTJBOH  SEAM. 

The  coals  examined  from  the  various  localities  from  the  Pittsburgh 
seam,  have  similar  structure  and  composition,  and  their  constituents 
are  of  similar  origin.  There  is  a  slight  difference  in  the  proportions 
of  the  various  constituents,  also  in  the  general  appearance,  color  and 
opaqueness,  physical  condition  and  chemical  nature  of  the  coal  in 
the  different  localities.  The  latter  is  especially  noticeable  in  com- 
paring coals  from  the  western  and  eastern  parts  of  the  field.  This 
concerns  the  physical  and  chemical  nature  of  coal,  and  is  mentioned 
incidentally. 

Of  the  coals  examined  from  the  Pittsburgh  bed,  that  from  the 
Oak  mine  and  the  experimental  mine  are  nearest  alike.  That  from 
Madison  and  the  so-called  Pittsburgh  coal,  picked  up  from  coals 
delivered  in  Pittsburgh  for^  domestic  purposes,  differ  frcwn  the 
Oak  mine  and  the  experimental  mine  coals  in  that  the  attritus  is 
richer  in  carbonaceous  matter  and  the  anthraxylon  is  slightly  less 
translucent  and  is  darker  red.  However,  in  thin  sections  the  anthrax- 
ylon is  vitreous,  clear,  and  transparent  in  all  four  coals.  The  at- 
tritus in  the  Madison  and  the  Pittsburgh  coal  appears  darker  on 
account  of  the  large  proportion  of  carbonaceous  matter.  In  sec- 
tions or  layers  of  the  coal  where  the  carbonaceous  matter  is  absent, 
the  attritus  looks  like  that  of  the  other  two  coals. 

The  coal  from  the  Connellsville  region  is  markedly  different  from 
the  others.  Its  anthraxylon  is  a  much  darker  red  and  far  less  trans- 
lucent. The  difference  between  the  various  anthraxylon  strips,  so 
plain  in  the  other  coals,  has  been  lost  and  the  strips  can  be  dis- 
tinguished from  one  another  only  with  great  diflSculty.  The  great- 
est difference  exists  in  the  attritus.  In  a  casual  microscopic  exam- 
ination and  even  a  fairly  careful  examination,  the  attritus  seems  to 
contain  no  spore-exines  nor  resinous  matter  and  to  be  composed  of 
humic  matter  only.  In  a  close  and  careful  examination,  evidently 
the  spore-exines  at  one  time  were  in  exactly  the  same  proportion  as 
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in  the  other  coals,  but  in  some  way  have  been  largely  eliminated. 
Only  a  few  whole  spores  are  faintly  recognizable ;  usually  only  resi- 
dues or  vacant  places  are  seen  where  were  once  spore-exines.  The 
humic  matter  has  become  more  opaque  and  can  not  be  detected  from 
the  resinous  matter." 

The  Connellsville  coal  has  not  been  exhaustively  studied,  but  its 
original  composition  clearly  was  much  like  that  of  Pittsburgh  coal 
and  the  coal  from  other  localities.  Also,  the  spore-exines  still  re- 
maining are  of  the  sajqae  type  as  those  from  other  parts  of  the  bed. 

THE  COAL  FEOM  CABBON  HILL,  ALABAMA. 

The  coal  from  Carbon  Hill  is  more  like  the  normal  coal  from 
the  Pittsburgh  bed  than  any  other  coal  examined,  but  the  predomi- 
nant spore-exines  differ  from  those  of  the  Pittsburgh  coal  or  those 
of  any  of  the  other  coals  examined.    ' 

The  most  striking  characteristic  of  the  Carbon  Hill  coal  is  the 
relatively  large  proportion  of  well-preserved  tissue  among  the 
smaller  anthraxylon  components.  Such  chips  as  are  shown  at  6-a 
in  Plate  LXXXIV  and  4r-a  in  Plate  LXXXV  are  common  in  every 
section.  The  anthraxylon  strip  at  1-a,  Plate  LXXXVII,  is  more 
homogeneous  and  much  more  compressed.  Nevertheless,  the  cell 
structure  was  clearly  discernible  under  the  microscope  and  is  recog- 
nizable to  some  extent  also  in  the  photograph. 

The  humic  matter  shown  at  1-d  to  S-nd  in  Plate  LXXXIV  and  in 
the  whole  of  Plate  LXXXVI  is  greatly  comminuted  and  a  relatively 
little  spore  matter  and  carbonaceous  matter  is  present.  Plate 
LXXXVIII,  B,  an  area  included  in  Plate  LXXXVIII,  ^,  at  a 
magnification  of  1,000  diameters,  represents  the  groundmass  of  the- 
attritus  in  which  the  spore-exines  and  other  smaller  constituents  are 
embedded.  Most  of  the  spore-exines  are  relatively  large  and  thin- 
walled  ;  only  a  few  seem  to  be  small  and  thick- walled.  The  ground- 
mass  as  shown  in  Plate. LXXXVIII,  5,  is  largely  granular;  it  con- 
sists of  carbonaceous,  earthy,  and  humic  matter,  besides  a  substance 
resembling  spore  matter  which  probably  is  the  degradation  product 
of  cuticular  matter. 

It  should  be  remembered  that  the  particles  or  objects  represented 
in  such  photographs  are  exceedingly  minute.  For  instance,  no  spore- 
exine  shown  in  this  photograph  is  more  than  3  microns,  or  0.003  mm., 
thick.  The  groundmass  shown  in  other  sections  may  consist  of 
carbonaceous  and  earthy  matter  and  a  larger  proportion  of  "  humic  " 
matter,  or  may  be  derived  from  the  woody  parts  of  plants,  some  of 
it  in  the  shape  of  small  fragments  or  particles  and  some  approach- 

«The  truth  of  this  statement  is  still  under  investigation  and  will  be  discussed  move 
fully  in  a  paper  on  "  Differences  of  coking  and  noncoklng  coals,"  now  in  preparation. 
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ing  an  amorphous  state.    The  photograplis  show  also  a  matter  lighter 
in  color  intermixed  with  the  others. 

THE  IlUirOIS  COAL. 

In  structure  and  general  appearance  the  Illinois  coal  differs  con- 
siderably from  the  Pittsburgh  coal.  The  former  has  a  far  greater 
number  of  the  -larger  anthraxylon  components,  much  less  of  the 
highly  carbonized  matter,  and  a  smaller  proportion  of  the  attritus. 
Consequently  the  anthraxylon  components  are  more  closel}'  packed, 
often  piled  one  immediately  upon  the  other,  without  any  of  the  other 
constituents  that  usually  form  part  of  the  attritus  separating  them, 
although  they  are  usually  separated  by  thin  layers  of  spores  or  by 
cuticular  matter.  The  different  pieces  of  anthraxj^lon,  being  but 
poorly  differentiated  in  color  or  other  characters,  are  not  always 
readily  distinguished  from  one  another  under  the  microscope. 
Cuticles,  which  form  but  a  verj'  small  part  of  the  Pittsburgh  coal, 
are  prominent  in  these  coals,  and  another  tissue,  consisting  of  light- 
colored,  thick-walled,  irregularly  folded  cells,  usually  associated 
with  cuticles  and  found  only  rarely  in  the  Pittsburgh  coal,  is  also 
prominent  in  the  Illinois  coals.  Such  a  tissue  is  well  shown  at  3-d, 
Plate  XCII,  B;  at  3-d  and  4r-d ;  Plate  XCIII,  B;  Plate  XCIV,  A  and 
B;  Plate  CX,  A;  and  at  a  very  high  magnification  in  Plate  CX,  B. 

THE  ZEIQLEK  COAL. 

The  photographs  of  the  coals  from  the  Zeigler  mine  well  illustrate 
.  the  group.  Plates  XCII  to  XC VII  give  typical  cross  sections  from 
the  Zeigler  coal.  Plate  XCII,  A^  represents  an  anthraxylous  strip 
in  which  the  original  tissue  is  greatly  compressed  and  rendered 
homogeneous,  yet  inclusions  in  the  cells  are  distinctly  recognizable 
dt  the  region  5-a.  At  1-a  a  number  of  thin  strips  have  been  inti- 
mately united;  at  3-a  is  a  woody  tissue  containing  pale,  flattened 
cells.  The  rounded  and  irregular  black  spots  that  are  particu- 
larly abundant  and  noticeable  in  the  upper  part,  1-a,  are  pyrite 
nodules.  These  nodules  readily  break  into  numerous  fine  parti- 
cles, and  in  the  process  of  making  the  section  are  often  scattered 
across  it  in  streaks,  which  are  prominent  in  the  photograplis. 

At  1-a  in  Plate  XCII,  /i,  is  shown  a  bit  of  anthraxylon  charac- 
teristic of  this  group.  The  original  cells  are  compressed  into  very 
thin,  straight  striae.  In  a  horizontal  section  the  woody  structure  is 
distinctly  recognized  as  seen  in  Plate  XCIX,  B,  The  remainder  of 
Plate  XCII,  5,  represents  a  strip  of  coal  composed  of  woody 
and  resinous  matter  arranged  in  thin  sheets  alternating  with  cuticles, 
spore-exines  and  the  remains  of  a  tissue  of  pale,  irregularly  folded 
cells  mentioned  in  the  preceding  paragraph.    This  tissue  is  particu- 
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larly  well  represented  at  the  level  3-d,  but  is  also  visible  in  other 
parts  of  the  photograph,  A  similar  layer  is  represented  in  Plate 
XCIV,  A.  It  is  here  more  irregularly  layered  and  present  in 
larger  proportion.  This  tissue  reseinbles  the  cork  layers  in  bark, 
and  is  termed  cork-like  or  corky  tissue,  although  its  origin  has  not 
been  definitely  determined.  Leaf  cuticles  are  also  prominent,  whereas 
spore-exines  are  relatively  few.  The  anthraxylon  matter,  2-a,  is  seen 
compressed  into  straight  striae. 

Plate  XCIV,  i?,  shows  another  characteristic  appearance  of  these 
coals.  Anthraxylon,  cuticles,  corky  tissues,  spore-exines,  and  resins 
are  all  represented.  Plates  XCV  and  XCVI  and  CY,  5,  represent, 
at  a  magnification  of  about  1,000  diameters,  areas  included  in  the 
section  shown  in  Plate  XCIV,  B,  Plate  XCV,  A^  is  an  enlarged 
area  in  the  middle  of  the  level  1-d,  of  Plate  XCIV,  B.  The  white 
.areas  across  the  middle  of  the  photograph  represent  the  cork-like 
tissue.  Carbonaceous  matter,  at  the  top,  woody  matter,  and  thin 
spore-exines  are  all  readily  distinguishable.  Plate  XCV,  5,  repre- 
sent^ an  area  included  in  Plate  XCIV,  i?,  in  the  middle  of  the  level 
6-d.  Spore-exines,  cuticles  and  anthraxylon  matter  are  distinguish- 
able. The  cell  structure  of  the  anthraxylon  component  in  the  lower 
part  of  the  photograph,  a  part  of  the  anthraxylon  component  at  7-a, 
of  Plate  XCIV,  i?,  is  here  shown  at  higher  magnification.  Plate 
XCVI,  ^,  at  a  magnification  of  1,000,  is  taken  from  the  same  section, 
but  just  outside  of  the  ailea  represented  by  Plate  XCIV,  B.  Plate 
XCVI,  5,  and  Plate  CV,  -ff,  at  1,000  diameters,  also  from  the  same 
section,  show  in  cross  section  the  thick-walled  spore-exine  sparingly 
represented  in  these  coals,  but  predominant  in  the  Sesser  coal.  Plate 
XCVII,  A,  magnified  200  times  and  Plate  XCVII,  B,  magnified  1,000 
times,  from  an  area  included  in  the  former,  show  considerable  resin- 
ous matter  besides  the  usual  constituents.  The  area  2-sp  of  Plate 
XCVII,  -4,  explains  the  striated  appearance  seen  at  low  magnifica- 
tions in  Plate  XXIV,  A.  This  is  much  better  illustrated  in  Plate 
XCVIII,  A  and  -ff,  magnified  200  times,  representing  laminee  largely 
composed  of  the  residue  of  leaves  and  leaf  cuticles.  The  heavy, 
more  or  less  zig-zagged  white  lines  represent  the  cross  sections  of 
leaf  cuticles,  and  the  matter  between  them,  largely  the  residue  of 
leaf  tissues. 

THE  HABT- WILLIAMS  COAL. 

So  far  the  normal  appearances  of  these  coais  have  been  shown. 
Certain  layers  are  found  that  are  chiefly  composed  of  spore-exines 
and  more  highly  carbonized  matter.  Such  a  layer  is  shown  in 
Plate  LXXXIX,  -4,  magnified  200  times,  from  coal  from  the  Hart- 
Williams  mine.  Plate  LXXXIX,  B,  magnified  1,000  times,  repre- 
sents an  area  included  in  the  former.    The  fine,  scattered,  highly  car- 
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bonized  matter  is  distinctly  shown  in  this  latter  photograph,  and  the 
humic  or  anthraxylon  matter  is  also  resolved  into  finer  particles. 
At  the  bottom,  the  strip  of  anthraxylon  about  15  microns  thick  is 
solid,  but  still  shows  evidences  of  cell  structure. 

THE  SESSE&  COAL. 

In  certain  respects  the  Sesser  coal  differs  considerably  from  the 
coals  just  discussed.  The  anthraxj^lon  components  are  more  com- 
minuted and  contain  considerably  more  resinous  and  carbonaceous 
matter  and  fewer  spore-exines  and  cuticles.  Woody  structure  is 
preser\'ed  about  as  well  as  in  the  coals  of  the  Hart- Williams,  Benton, 
and  Zeigler  group.  A  heavy-walled  spore-exine  distinctly  pre- 
dominates but  is  not  found  in  this  coal  exclusively. 

A  characteristic  appearance  of  the  Sesser  coal  is  shown  in  Plate 
cm,  -4,  magnified  200  times.  At  the  area  1-d  is  a  considerable 
amount  of  resinous  matter,  some  humic  matter  more  or  less  com- 
minuted, and  a  few  spore-exines.  The  anthraxylon  strips  2-a  and 
4-a  include  a  thin  sheet  comprised  of  a  tissue  several  cells  thidk  of 
definite  and  well-preserved  plant  cells.  The  woody  layer  at  6-a  also 
shows  more  or  less  cell  structure,  much  obscured.  Plate  CIII,  B^ 
and  Plate  CIV,  A^  both  magnified  200  times,  also  are  characteristic. 
A  considerable  proportion  of  the  matter  shown  is  clearly  of  woody 
origin,  as  indicated  by  the  fine  striations,  which  are  a  sure  criterion 
of  a  woody  origin,  especially  when  seen  at  higher  magnifications. 
Much  of  the  comminuted  matter  looks  quite  homogeneous  under 
ordinary -microscopic  examination,  a  characteristic  of  resinous  mat- 
ter. However,  resinous  matter  usually  is  rounded  or  oval,  whereas 
the  matter  shown  here  is  decidedly  angular.  More  highly  carbon- 
ized matter  may  be  noticed  scattered  throughout  the  coal,  but 
relatively  little  spore  matter  is  visible.  Plates  CIV,  5,  and  CV,  J., 
represent  small  areas  of  this  coal  at  a  magnification  of  1,000  diame- 
ters; the  predominant  thick- walled  spore-exine  is  embedded  in  an 
anthraxylous  debris  mingled  with  some  carbonaceous  and  some  earthy 
matter. 

THE  ROY  ALTON  COAL. 

The  Hoyalton  coal,  although  in  general  much  like  the  other  Illinois 
coals,  differs  from  them  in  certain  respects.  Its  anthraxylon  com- 
ponents reveal  well-preserved  cell  structure ;  much  of  it  exceptionally 
well  preserved.  Its  spore-exine  content  is  a  little  higher  than  in  the 
Hart- Williams,  Benton,  and  Zeigler  group,  and  it  contains  more 
highly  carbonized  matter.  Its  chief  characteristic  is  its  broad,  rela- 
tively thin,  anthraxylon  components,  or  chips,  which  are  often  sepa- 
rated by  definite  sheets  of  attritus,  and  give  the  cross  section  under 
the  microscope  a  shredded  look.     Cuticles  are  abundant  in  some 
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layers,  and  accompanying  them  are  the  pale-thick-walled,  irregularly 
folded  and  layered  cells  predominant  in  the  Zeigler  coal.  (PI.  CX, 
A  and  B.) 

The  photographs  illustrating  the  coal  from  this  section  have  been 
chosen  from  a  wide  range  of  samples,  and  like  those  of  other  coals, 
are  intended  to  represent  general  conditions. 

Plate  CVI,  ^,  is  a  layer  rather  rich  in  spore-exines  and  finely 
conmiihuted  humic  matter,  with  some  resinous-looking  matter  scat- 
tered through  it.  The  cross  section  of  the  anthraxylon  chips  at  4-a 
is  characteristic.  Plate  CVI,  B,  shows  a  strip  of  anthraxylon  with 
remarkably  well-preserved  tissue.  Similar  strips  are  quite  prevalent 
in  this  coal.    Resinous  bodies  may  be  observed  in  the  level  1-d. 

Plate  CVIII,  B,  at  a  magnification  of  1,000  diameters,  represents 
a  more  highly  magnified  portion  of  Plate  CVIII,  -4,  in  the  level  3-d. 
The  spore  matter  consists  both  of  whole  spore-exines  and  of  fine 
fragments,  the  latter  being  common,  though  not  prevalent.  The  an- 
thraxylon strips,  although  very  thin,  still  show  some  cell  structure. 
Plate  CIX,  A^  shows  considerable  opaque  carbonized  matter  inter- 
layered  with  the  anthraxylon  strips*  Plate  CIX,  5,  a  more  highly 
magnified  portion  of  the  section  included  in  Plate  CIX,  J.,  at  the 
level  2-a,  shows  the  remains  of  woody  structure  that  prevail 
everywhere.  On  casual  observation  the  anthraxylon  strips  repre- 
sented in  these  photographs  seem  homogeneous,  but  at  higher  mag- 
nifications and  proper  lighting  and  screening  the  structure  is  brought 
out  clearly.  The  irregular  bands  in  Plate  CIX,  5,  show  matter  ren- 
dered dark  by  earthy  and  carbonaceous  matter  intermixed. 
•  Much  of  the  Royalton  coal  reveals  the  same  general  appearance 
as  the  Zeigler  coal,  as  shown  in  Plate  CX,  A  and  5,  and  needs  no 
further  discussion. 

THE  BITXTOir  (IOWA)  COAL. 

The  general  nature  and  structure  of  the  coal  from  Buxton,  Iowa, 
is  shown  in  Plate  CXXI,  i?,  and  Plate  CXXII,  A.  Some  horizons 
are  woody  and  contain  few  spores,  others  are  woody  and  resinous, 
others  contain  a  large  proportion  of  spore-exines  and  relatively  little 
woody  matter,  and  still  others  contain  a  large  proportion  of  spores 
mixed  with  much  earthy  matter  or  with  carbonaceous  or  resinous 
matter.  This  coal  also  contains  numerous  minute  nodules  of  pyrite, 
so  irregularly  distributed  that  some  thin  laminae  are  composed  chiefly 
of  them,  while  other  laminae  contain  few.  Cuticles  also  form  a  large 
proportion  in  this  coal,  anthraxylon  sheets  and  cuticles  alternating  in 
close  succession  in  many  layers. 

Plate  CXXIV,  A^  shows  a  characteristic  layer  of  cuticles,  an- 
thraxylon, and  resinous  matter.  Plate  CXXXVI,  6,  shows  how 
many  of  the  isolated  cuticles  look.    Plate  CXXIV,  B,  shows  layers 
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of  debris  containing  a  few  spores,  a  large  proportion  of  finely  com- 
minuted anthraxylon  or  huniie  matter,  and  a  medium  proportion  of 
earthy  and  carbonaceous  matter.  In  3-sp  is  a  part  of  a  sporangium, 
with  well-preserved  cell  structure,  inclosed  in  a  cuticle,  and  contain- 
ing a  few  spore-exines  in  the  central  part.  Plate  CXXV,  J.,  shows 
an  area  containing  a  large  proportion  of  resinous  matter,  besides 
strips  of  anthraxylon  matter,  comminuted  anthraxylon  matter,  spore- 
exines,  and'earthy  and  carbonaceous  matter.  In  Plate  CXXV,  5,  are 
the  same  elements,  but  the  earthy  and  carbonaceous  matter  form  a 
very  large  proportion.  Plate  CXXVI,  A,  shows  a  more  anthraxylous 
section,  common  in  this  coal.  At  the  upper  part  at  1-a  is  part  of 
a  thicker  piece  of  anthraxylon.  Plate  CXXVI,  -ff,  contains  an- 
thraxylon strips  and  intercalated  resinous  layers,  a  feature  charac- 
teristic of  this  coal  and  of  the  coal  from  Vandalia,  Ind. 

The  black  irregular  and  circular  spots  scattered  through  this  photo- 
graph represent  pyrite  nodules,  such  as  occur  from  top  to  bottom  of 
the  bed.  In  Plate  CXXVII,  ^1,  the  layers  consist  chiefly  of  spore- 
exines,  but  also  contain  much  earthy  and  carbonaceous  matter  which  is 
characteristic  of  many  layers  in  this  coal.  The  spore-exines  so 
numerous  in  the  photograph  are  the  predominant  spores  through- 
out this  seam.  The  cross  sections  of  the  spore-exines  are  better  seen 
in  Plate  CXXVII,  5,  magnified  1,000  times  and  taken  from  a  section 
included  in  Plate  CXXVII,  A.  Plates  CXXVIII,  A  and  B,  and 
Plate  CXXIX  are  characteristic  appearances  of  the  Buxton  coal  in 
horizontal  sections.  The  first  two  show  much  woody  matter,  the  cell 
structure  of  which  is  plainly  seen.  Plate  CXXIX,  A,  represents  a 
portion  through  the  attritus,  showing  spore-exines,  humic  matter, 
and  carbonaceous  matter.  Plate  CXXIX,  By  is  a  more  highly  mag- 
nified portion  of  Plate  CXXIX,  A. 

Sporangia,  filled  with  spores  and  well  preserved,  often  with  the 
sporangium  wall  intact,  are  common  in  the  Buxton  coal  (Pis.  CXXI 
and  CXXII).  Whole  cones,  or  parts  of  cones,  in  which  are  spor- 
angia filled  with  spores  still  intact,  are  also  common. 

The  anthraxylon  components  of  the  Buxton  coal  are  clearly  differ- 
entiated from  one  another  by  their  colors ;  they  are  resinous  and  have 
a  relatively  coarse  physical  texture  or  loose  micellar  structure.  The 
pieces  are  mostly  flat  and  thin,  but  thicker  and  less  numerous  than  in 
most  coals.    These  characteristics  are  well  shown  in  the  photographs. 

In  cross  section  the  cell  structure  of  the  anthraxylon  matter  does 
not  seem  to  be  well  preserved,  only  occasionally  are  strips  found  in 
which  the  structure  is  clear,  vet  evidences  of  the  cell  structures  are 
seen  everywhere.  In  the  horizontal  sections,  however,  the  cell  struc- 
ture is  evident  in  every  section.  (Pis.  CXXVIII,  A  and  B,) 
Plants  with  large  cells  seem  to  have  played  a  prominent  part  in  the 
formation  of  this  coal,  as  it  contains  large  isodiametric  parenchy- 
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luatous  cells.  The  cell  walls  are  very  much  compressed  and  they  now 
appear  thin  and  poorly  defined.  It  would  seem  that  the  decay  of 
the  wood  had  advanced  far  during  the  peat  stage. 

THE  YANDALIA  (IND.)  COAL. 

A  casual  examination  of  the  Vandalia  coal  from  Vigo  County, 
Ind.,  in  the  block  (PL  CXLII),  shows  that  it  contains  few  of  the 
larger  anthraxylon  pieces.  For  example,  a  lump  of  coal,  about  10 
inches  thick,  under  examination  contains  only  one  anthraxylon  layer 
about  one-fourth  of  an  inch  thick,  and  only  four  or  five  pieces  be- 
tween one-eighth  and  one-fourth  of  an  inch  thick.  More  careful 
examination  shows  that  the  remainder  of  the  coal  is  composed  of 
innumerable  thin  sheets  of  anthraxylon,  and  that  most  of  these 
are  much  less  than  an  eighth  of  an  inch  thick,  many  of  them  being 
microscropic.  The  general  nature  of  the  components  has  already 
been  shown  by  a  cross  section  at  low  magni^cation  and  from  hori- 
zontal cleavage  planes.  Horizontal  cleavages  expose  patches  of 
woody  structure  of  a  variety  of  sizes  and  shapes ;  although  in  many 
patches  the  pieces  seem  to  be  relatively  long  and  broad,  by  far  the 
largest  number  are  less  than  an  inch  wide  and  long.  (See  Pis. 
XXV,  XXVI,  and  CXLIII,  A  and  B,)  Examined  in  opaque 
cross  sections  at  lower  magnification  the  coal  is  seen  to  contain  rela- 
tively little  microscopic  debris,  or  attritus  (PI.  CXLIII,  A  and  5), 
the  bulk  being  composed  of  closely  packed  anthraxylon  matter. 

Examined  in  cross  section  at  a  magnification  of  200  diameters 
(Pis.  CXLVI  to  CL)  the  coal  is  seen  to  be  composed  of  innumerable, 
closely  packed,  thin  pieces  of  anthraxylon  matter  with  relatively 
little  of  the  fine  microscopic  matter  or  attritus ;  hence  it  contains  rela- 
tively few  spores.    A  dearth  of  spores  is  a  characteristic  of  this  coal. 

Plate  CXLVI,  -4,  is  a  typical  section.  In  the  upper  part, 
at  l-a,  is  a  relatively  thick  piece  of  anthraxylon;  at  2-c  is  a 
layer  containing  a  number  of  very  thin  cuticles;  at  S-d  are  thin 
anthraxylon  strips  with  carbonaceous  matter,  including  an  occasional 
spore-exine  between;  at  4-a  is  a  sheet  of  light-colored  anthraxylon 
matter  that  shows  cell  structure  faintly ;  and  at  5-d  is  a  thin  layer 
consisting  of  anthraxylon  strips  with  included  carbonaceous  matter 
and  some  earthy  matter  that  give  a  dark  color.  The  round  and  ir- 
regular black  spots  represent  nodules  of  pyrite,  common  in  this  coal. 

Plate  CXLVI,  B,  is  another  typical  appearance  of  the  Vandalia 
coal ;  the  anthraxylon  strips  at  l-a  and  4-a,  and  attritus  at  2-d,  3-d, 
and  5-d,  contain  a  large  proportion  of  spore-exines  lodged  in  dark, 
macerated  humic  matter. 

The  anthraxylon  throughout  the  coal  is  very  resinous,  and  layers 
like  those  shown  in  Plate  CXLVII,  A  and  B;  Plate  CXLVIII,  A 
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and  -ff,  and  Plate  CXLIX,  J.,  are  common.  Particularly  common  are 
anthraxylon  components"  containing  numerous  resinous  globules 
similar  to  those  shown  in  Plate  CXLVII,  B,  CXLVIII,  A  and  5, 
and  Plate  CXLIX,  J.,  though  usually  with  more  of  the  original 
woody  matter  remaining  than  here  shown.  In  the  piece  represented 
in  Plate  CL,  A^  much  of  the  woody  matter  remains  characteristically 
associated  with  the  resin  globules  in  situ ;  in  other  sections,  as  in  Plate 
CXLIX,  A^  at  1-a,  the  remaining  anthraxylon  matter  seems  to  have 
rotted  away  partly,  leaving  little  else  but  the  resin,  which  is  partly 
intact.  Plate  CXLIX,  5,  is  an  example.  So  completely  has  the 
woody  tissue  disappeared  that  the  interstices  between  the  resin 
particles  are  merely  empty  spaces. 

When  examined  in  cross  section  little  of  the  original  cell  struc- 
ture is  clear ;  nevertheless  evidences  are  seen  by  careful  examination 
under  proper  lighting.  In  the  horizontal  sections,  the  structure 
may  be  recognized  easily,  as  in  Plate  CXLV,  A  and  5,  though  in 
places  it  is  difficult  to  detect. 

The  anthraxylon  of  the  Vandalia  coal  has  a  loose  micellar  struc- 
ture, as  the  photographs  indicate,  and  is  not  as  compact  as  that  of 
the  Pittsburgh  coal.  In  this  respect  the  Vandalia  coal  resembles 
the  Buxton  coal.  The  mottled  appearance  in  the  anthraxylon  strips, 
1-a,  in  Plate  CXLVI,  ^1,  and  1-a  and  4-a  in  Plate  CXLVI,  B,  is 
due  to  this  loose  structure.  If  the  photographs  of  the  Pittsburgh 
coal  are  compared  with  them,  the  differences  are  readily  seen.  The 
Pittsburgh  coal  has  a  glassy  and  the  Vandalia  coal  a  spongy  ap- 
pearance. 


PLATES  I-aX 


PLATE  L 

KIEL  FEAT  BOG. 

A,  A  bird*s-eye  view,  from  the  east,  of  the  peat  swamp  near  Kiel,  Wis. 
The  foreground,  an  expanse  of  about  1  mile  drained  by  the  Sheboygan  River, 
is  now  cleared  of  trees  and  is  covered  with  shrubs,  grasses,  and  sedges.  The 
wooded  peat  swamp  lies  beyond  this  open  area.  The  highland  rising  beyond 
the  wooded  swamp  is  3  miles  distant. 

B.  A  near  view  of  the  interior  of  the  sam^  peat  swamp.  The  trees  are 
chiefly  white  cedar  {Thuya  occidentalUi) ,  with  here  and  there  a  tamarack 
(Larix  aniericana)  and  a  black  ash  {Fraxinus  nigra).  The  hollows  in  the 
foreground  are  filled  with  water. 


PLATE  IL 

NEAR  VIEWS  OF  PEAT  BOOS. 

A.  A  view  in  a  peat  swamp  in  Charles  town  Township,  Calumet  County, 
Wis.  The  growth  consists  primarily  of  the  same  plants  as  that  in  the  swamp 
shown  in  Plate  I,  B, 

B.  A  view  in  a  peat  swamp  in  Eaton  Township,  Manitowoc  County,  Wis. 
Notice  the  uneven  surface  of  the  ground,  density  of  the  growth  and  the  reclin- 
ing positions  of  a  number  of  trees. 

r.  A  view  in  anotiier  part  of  the  Eaton  swamp  in  which  the  growth  con- 
sists largely  of  young  trees. 


PLATE  IIL 

NEAR  VIEWS  OF  PEAt  BOGS. 

A.  A  near  view  in  the  swamp  near  Kiel,  Wis.,  shown  in  Plate  I,  B,  The 
surface  Is  covered  with  dead  branches,  twigs,  leaves,  and  bits  of  w^ood. 

B.  A  perpendicular  view  of  the  surface,  a  short  distance  from  that  shown 
in  A.  The  litter  on  the  surface  consists  largely  of  the  leaves  of  Uie  white  cedar 
(Thuya  occidentalis),  leaves  of  deciduous  trees  and  shrubs,  and  twigs  and 
fragments  of  wood. 


PLATE  IV. 

A  LUMP  OF  PEAT  FROM  A  WOODY  SWAMP. 

A.  Nataral  size.     A  lump  of  peat  showing  small  fragments  of  wood  and 
some  cuticular  matter  embedded  in  the  finer  debris. 

B.  A  small  area,  more  highly  magnified,  between  the  fragments  of  wood 
of  a  lump  of  peat  similar  to  the  one  shown  above. 
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PLATE  V. 

SMOOTHED  SURFACE  OF  A  LUMP  OF  PEAT. 

A  horizontfll  snwmthetl  surface  of  a  lump  of  pent   (XIO),  showing  bits  of 
wood,  seeils,  and  small  bits  of  cuticles  all  embedded  in  the  attritus. 


PLATE  VI. 

CHIPS  OF  W  OOD  FHOM  PEAT. 

Small  fragments  of  wooil  separateil  from  the  lump  of  peat  shown  in  Plate 
IV,  A.  Most  of  these  pieces  have  been  formed  through  exfoliation  along  the 
growth  rings  or  tlirough  separation  along  the  rays,  are  thin,  flat  chips  tliat 
are  hard  when  dried. 


PLATE  VII. 

CROSS  SECTIONS  OF  WOODY  PEAT. 

A.  Cross  section  of  one  of  the  small  fragments  of  wood  shown  in  Plate 
VI.  (X200.)  The  cells  of  the  wood  have  collapsed  during  drying,  and  the 
walls  have  become  contorted  and  folded. 

li.  Tart  of  the  same  sectitm  shown  above  (  Xl.OlX)),  showing  the  nature  and 
form  of  the  cell  walls,  and  a  few  of  tiie  organisms  found  in  peat. 


PLATE  VIII. 

ORGANISMS  IN  WOODY   PEAT. 

A.  A  lamina  one  ceil  thick  (X  1,000),  from  fragment  of  wood  shown  in 
Plate  IV,  /l,  showing  the  granular  nature  of  the  cell  walls  and  certain  largo 
organisms  prevnleiit  in  the  woody  pent. 

y^     Spores  of  u  living  ground  pine  (/.//co/;of/iM//i  c/«rarMm).     (  X  1,000. )     Note 
the  rehitively  thick  outer  spore  walls,  or  exines,  covered  with  blunt  spines. 
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A.  PEAT    BOG    NEAR 


NEAR   VIEW   OF   BOG    NEAR    t 


LOF   PEAT   BOG    IN    CALUMET   COUNTY.  V 


B.  NEAR   VIEW   OF   PEAT   BOG    IN    MANITOWOC   COUN" 


I    MANITOWOC   COUNTY. 


feULLCflH  lir     PUITS  II 


i.  CLOSE   VIEW   OF  THE   BOO   NEAR   KfEL.  WIS. 


B.  PERPENOICl^LAR   VIEW   OF   SURFACE   OF   BOG   NEAR   KIEL,  WIS. 


=   PEAT,  NATUR> 


=   LUMP   OF   PEAT. 


SMOOTHED   SURFACE   OF    A    LUMP   OF   PEAT.     (X  10) 


CHIPS   OF   WOOD    FROM    PEAT, 


A.CROSS   SECTION    OF   WOODY    PEAT.     (X  200) 


B.CROSS    SECTION   OF   WOODY   PEAT.    (X  1000) 


I    WOODY    PEAT. 


B.  SPORES   OF   A   LIVING    LVCOPODIU 


PLATE  IX. 

CUTICLES   OF   A    CYCAD   LEAF   AND   PINE    NEEDLE. 

A.  Part  of  the  cross  section  of  the  leaf  of  a  living  Cycad  (  XlOO)  showing  the 
sceneral  structure  of  the  leaf,  c,  upper  cuticle ;  h,  hypodermal  tissue ;  p,  palisade 
cells ;  pa,  leaf  parenchyma ;  s,  lower  hypodenn  containing  stomata ;  c',  lower 
cuticle,  very  thin. 

B,  Part  of  a  cross  section  of  a  living  pine  "  needle/'  ( XlOO.)  Notice  the  con- 
formation of  the  cuticle,  c-c,  to  the  underlying  hypodermal  tissue,  h-h. 


PLATE  X. 

LUMP  OF   COAL   FRO^I    SKSSKR,  ILL. 

A  chunk  of  the  coal  from  Sesser,  111.,  showing  the  general  laminations  into 
"dull"  and  "bright"  coal  and  the  further  sublaminntion  of  the  "dull  coal"; 
a  is  the  bright  coal  or  anthraxylon  components :  x-y,  the  region  in  whlcli  the 
cleavage  plane,  shown  in  Plate  XXX,  is  split. 


PLATE  XI. 

LUMP  OF  COAL  FROM   HEXTOX,  ILL. 

A.  A  piece  of  coal  from  the  mine  of  tlie  Benton  Coal  Co.,  near  Benton,  111., 
showing  the  general  nature  and  lamination,  a  is  the  bright  coal  or  anthraxylon 
components;  x-y,  the  level  of  the  horizontal  fracture,  fracture  1,  shown  in 
Plate  XXVIII,  A;  t-u  the  level  of  fracture  2,  shown  In  Plate  XXVIII,  B. 

B.  The  opposite  side  of  the  piece  of  coal  shown  in  A.  y-z  Indicates  the  level 
of  fracture  1,  shown  in  Plate  XXVIII,  A;  u-v,  fracture  2,  shown  in  Plate 
XXVIII,  B. 


PLATE  XII. 

LUMP  OF   COAL  FROM  BENTON,  ILL. 

A  piece  of  coal  from  the  mine  of  the  Benton  Coal  Co.,  representing  a  more 
woody  "  or  anthraxylous  layer,  as  well  as  showing  the  general  nature  ami 
lamination  into  the  "dull"  and  "bright"  coal,  a  represents  "bright"  coal  or 
anthraxylon;  d,  "dull"  coal;  1-a  to  7-a  and  2-d  to  8-d  indicate  the  "bright" 
and  the  "dull "  coal,  respectively,  In  the  area  cut  off  by  the  lines  x-x,  y-y,  n-n, 
and  m-m,  and  shown  In  Plate  XV,  from  a  polished  surface.  (Naturals size.)  co  is 
part  of  a  cone  shown  in  Plate  XIV.     (Natural  size.) 
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PLATE  XIII. 

LUMP  OF  COAL  FROM  BENTON,  ILL. 

The  opposite  side  of  the  same  block  is  shown  in  Plate  XII.  d  is  "  dull  "  coal ; 
a,  "  bright  *'  coal ;,  co  is  a  part  of  the  same  cone  shown  In  Plates  XII  and  XIV. 

PLATE  XIV. 

CONE  IN  THICK  VERIICAL  SECTION. 

An  opaque  cross  section  (XIO),  vlewe<l  by  reflected  light,  of  coal  from  the 
mine  of  the  Benton  Coal  Co. ;  2-co  is  part  of  an  embedded  cone  shown  in  Plai^ 
XII  and  XIII,  co.  The  lighter  lines  are  tlie  sporangium  w^alls;  the  thicker  gray 
lenses  are  a  mass  of  spore  exines;  the  irregular  lines  in  black  are  part  of  the 
sporophyll  tissues ;  3-a  is  a  thicker  anthraxylon  component,  and  1-d,  a  layer  of 
debris  not  clearly  differentiated  in  the  illustration. 


PLATE  XV. 

A  MAGNIFIED  AREA  FROM  PLATE  XH. 

Polished  area  (XIO)  mapped  out  by  the  intersecting  lines  x-x,  y-y,  n-ii, 
and  m-m,  on  the  face  of  the  block  of  the  Benton  coal  shown  in  Plate  XII,  photo- 
graphed by  means  of  oblique  illumination ;  1-a,  ^a,  5-a,  and  7-a  are  '*  bright 
coal  '*  or  larger  anthraxylon ;  2-d,  4-d,  6-d,  and  8-d  are  "  dull  coal " ;  c  is  min- 
eral charcoal. 


PLATE  XVI. 

A  MAGNIFIED  AREA  FROM  PLATE  XIH. 

Area  (XIO)  of  the  Benton  coal  shown  in  Plate  XIII.    a,  "bright  coal'*;  4 
"  dull  coal " ;  ms,  a  cross  section  of  a  megasiwre. 
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^.  CROSS   SECTION    OF   A    LEAF   OF    A    LIVING   CYCAD.     (X  100) 


CROSS   SECTION   OF   A    L 


125S8e*— 20--BII1I.  117— 


MAGNIFIED   AREA   FROM    PLATE   XIII.     (X  10) 


PLATE  XVTI. 

OPAQUE  VERTICAL  SECTION. 

A  continuous  area  of  about  i  by  3  inches  of  a  cross  section  of  a  piece  of 
coal  from  Royalton,  111.  (XIO),  prepared  by  reflected  light  from  an  opaque 
polished  surface  perpendicular  to  the  bedding  plane,  and  showing  the  embed- 
ding matrix,  the  attritus,  and  further  lamination  of  the  "  dul^  coal "  into  thin- 
ner lenticular  laminae  of  "  bright  coal "  or  anthraxylon.  1-a,  3-a,  5-a,  and 
7-a  are  "  bright  coal "  or  anthraxylon ;  2-d;  4-d,  and  6-d,  "  dull  coal " ;  h-h 
is  the  remains  of  a  hollow  stem. 


PLATE  XVIIT. 

OPAQUE   VERTICAL    SECTION    CONTINUED. 

7-a,  9-a,  and  11-a  represents  "bright  coal  "  or  larger  anthraxylon  components ; 
8-d  and  10-d,  "dull  coal";  10-p,  petrified  inclusions.     (XIO.) 


PLATE  XTX. 

OPAQUE    VERTICAL    SECTION    CONTINUED. 

11-a  and  14-n,  "  bright  coal " ;  12-d  and  15-<1,  "  dull  coal " ;  la-c,  charcoal. 
(XIO.) 

PLATE  XX. 

OPAQUE   VERTICAL   SECTION    CONTINUED. 

15-d,  17-d,  19-d,  21-d,  and  24-d,  "  dull  coal  *';  16-a,  18-ft,  and  20-a,  thin  strips 
of  "  bright  coal ;"  22-a,  "  bright  coal,"  derived  from  a  hollow  stem ;  2?^-d,  debris 
In  the  hollow  part  of  22-a.     (X  10.) 
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PLATE  XXI. 

OPAQUE   VERTICAL   SECTION    CONTINUED. 

24-d  and  26-d,  "  dull  coal,"  or  debris,  including  a  thin  strip  of  anthraxyloas 
coal,  25-a.     (X  10. ) 


PLATE  XXIT. 

OPAQUE   CROSS  SECTIONS. 

A.  Opaque  polished  section  of  the  Royal  ton  coal  (X  10)  photographed  by 
means  of  reflected  light  to  show  the  lamination  of  the  **  dull  coal,"  but  mainly 
to  show  the  cross  sections  of  the  so-called  rodlets.  Horizontal  cleavage  surfaces 
of  layers  similar  to  the  layers  se<*n  at  3-r  are  shown  In  Plate  XXX V,  J.  andB. 

B.  Opaque  polisheil  vertical  section  ( X  10),  prepared  In  a  similar  way,  from 
another  horizon  of  the  Iloyalton  coal,  representing  its  general  lamination  Into 
thin  lenticular  laminae  of  **  bright  coal,"  or  anthraxylon  shown  in  black 
embedded  in  the  attritus  in  gray.  Inclusions  of  charcoal  are  shown  in  the 
lower  part. 


PLATE  XXIIL 

OPAQUE    CROSS    SECTION. 

An  opaque  polished  cross  section  ( XIO)  prepared  liy  means  of  reflected  light, 
from  the  coal  from  Pielgler,  111.,  representing  mainly  a  portion  of  the  "dull 
coal,"  between  the  two  anthnixyloii  components  1-a  and  5-a.  Note  the  lump- 
ing of  the  attritus  and  the  cross  section  of  rodlets  at  2-d, 


PLATE  XXIV. 

OPAQUE    CROSS    SECTIONS. 

A,  An  opaque,  polished  cross  section  (XIO)  of  the  coal  from  Zeigler,  111., 
representing  thin  laminie  composed  of  matter  derived  from  the  woody  parts 
of  plants  alternating  with  matter  derived  largely  from  leaves.  The  dark  strips 
represent  anthraxylon,  and  the  light,  delicate  stria tlons  represent  \ei\t  cuticles 
including  an  attritus  largely  derived  from  leaf  tissues.  Similar  laminte  more 
highly  magnifled,  are  shown  in  Plate  XCVIII,  .1  and  B. 

B.  An  opaque,  polished  cross  section  from  the  Sesser  coal  (XIO),  showing 
"dull  coal"  at  1-d  and  3-d  and  anthraxylon  at  2-a  and  4-a.  Plate  CI,  A 
(X200),  Plate  CI,  B,  and  Plate  CII,  A  (X  1,000)  are  prepared  from  a  croflB 
section  of  the  anthraxylon  shown  at  2-a  in  this  photograph. 
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eUU.eTIH  IIT     PLATS  X 


OPAQUE   VERTICAL   SECTION   OF  COAL   FROM    ROYALTON  ,  ILL.    (X  10) 


■uLLariN  m    PLkTt  X 


CONTINUATION    FROM    PLATE   XVH.    (X  10) 


riNUATION    FROM    PLATE   XVIII.    <X  10) 


CONTINUATION    FROM    PLATE   XJX.     (X 10) 


NUATION    FROM    PLATE   ) 


OPAQUE  CROSS  SECTtON   OF  COAL   FROM   ZEI6LER,   riL.     (X  10) 


.  OPAQUE  CROSS  SECTION  OF  THIN  LAMINAE,  COAL  FROM  ZEIGLER,  ILL.     (X  10) 


'.  OPAQUE   CROSS   SECTION    OF   COAL   FROM    SE55ER, 


PLATE  XXV, 

HORIZONTAL   CLEAVAGE   SURFACE. 

A  horizontal  cleavage  surface  of  the  coal  from*  the  Vandalia  mine  (X2), 
from  the  block  of  coal  shown  in  Plate  CXLII,  along  the  level  indicated  by  x-x 
through  a  compact  part  of  the  coal.  On  its  surface  are  exposed  the  anthraxylon 
components  shown  as  small,  thin  chips  In  cross  section  in  Plate  GXLIII,  A 
and  B;  here  shown  as  small  woody  patches.  Some  of  these  patches  contain  fine 
rodlets. 


PLATE  XXVI. 

HORIZONTAL   CLEAVAGE    SURFACE. 

Another  horizontal  cleavage  surface  the  Vandalia  coa\  (X2),  from  the  block 
represented  in  Plate  CXLII,  from  a  fracture  along  the  level  indicated  by  y-y 
showing  typical  structure  of  the  coal,  mainly  small  anthraxylon  chips. 


PLATE  XXVII. 

HORIZONTAL   CLEAVAGE   SURFACE. 

A  horizontal  cleavage  surface  through  the  compact  coal  of  the  coal  from  the 
Benton  mine  magnified  a  little  more  than  natural  size,  showing  the  woody 
patches  or  anthraxylon  components  on  the  broad  side.  Notice  that  the  whole 
Burtace  shown  Is  covered  wfth  patches  showing  woody  structures. 


PLATE  XXVIII. 

HORIZONTAL   CLEAVAGE    SURFACE. 

A.  Horizontal  cleavage  surface  along  the  level  x=-y-z,  fracture  1,  of  the  bUx^k 
of  the  coal  from  the  Benton  mine  shown  in  Plate  XI,  A  and  B.  The  sides,  x-y, 
y-z,  and  z-x  correspond  to  the  sides  x-y,  y-z,  and  z-x  of  the  block  shown  in 
Plate  XI,  A  and  B,  On  the  surface  are  a  number  of  patches,  or  anthraxylon 
components,  showing  woody  structure,  and  many  fine  "  needles  "  or  '*  rodlets." 
embedded  in  the  attritus. 

B.  Another  horizontal  cleavage  surface  along  the  level  t-u-v,  fracture  2. 
In  the  block  of  coal  represented  in  Plate  XI,  -4  and  B.  The  sides  t-u,  u-v,  and 
v-t  correspond  to  the  sides  t-u,  u-v,  and  v-t  of  the  sides  of  the  block  repre- 
sented in  Plate  XI,  A  and  B,  This  surface  shows  a  larger  total  structureless 
area  in  which  a  number  of  woody  patches,  or  anthraxylon  chips,  are  located. 
At  the  comer  **  u  "  the  fracture  splits  through  a  thicker  anthraxylon  chip. 
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PLATE  XXIX. 


HORIZONTAL   CLEAVAGE   SURFACE. 


Two  horizontal  cleavage  planes  from  the  Hart-WilUanis  coal.  The  upper 
surface  shows  a  number  of  anthraxylon  chips,  some  containing  "  needles.**  The 
lower  surface  is  largely  through  the  interior  of  an  anthraxylon  chip,  but  also 
shows  several  patches  with  woody  structures. 


PLATE  XXX. 

HORIZONTAL  CLEAVAGE  SURFACE. 

A  horizontal  cleavage  surface  through  compact  coal  of  the  Sesser  coal  of 
the  block  shown  in  Plate  X,  along  the  horizon  indicated  by  x-y,  magnified  a 
little  more  than  natural  size,  and  showing  structures  similar  to  the  Hart- 
Williams  coal.  Some  of  the  woody  patches  contain  "  needles."  The  irregular 
dark  areas  represent  fractures  through  the  interior  of  the  anthraxylon  chips. 


PLATE  XXXI. 


HORIZONTAL   CLEAVAGE   SURFACE. 


A  horizontal  cleavage  surface  of  the  Buxton  coal  (X5),  showing  the  general 
structure  and  appearance. 


PLATE  XXXII. 

HORIZONTAL  CLEAVAGE  SURFACE. 

Part  of  another  horizontal   cleavage  surface  of  the  Buxton  coal    (XIO), 
showing  the  woody  fibers,  cuticles,  and  "needles.** 
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•UnEAU  OF  MINE* 


HORlTr^uT ..L   CLEAVAGE  SUf?FACE  OF  COAL  FROM   THE  VANDALIA  MiNE,  NEAR 
""RIZONTAL   '-•-  TEHHE   HAUTE,  IND.    <X  I) 


I    THE   VANDALIA 


ORIZONTAL   CLEAVAGE   SURFACE   OF  COAL   FROM    BENTON,  ILL. 


■ULLKTIN   IIT     VLATEX 


A..  HORIZONTAL   C 


CLEAVAGE  SURFACE  OF  LUMP  OF  COAL  SHOWN   IN   PLATE  XI. 


HORIZONTAL  CLEAVAGE   SURFACES   OF  COAL   FROM   THE   H 


HORIZONTAL   CLEAVAGe   SURFACE   OF   COAL  FROM    SESSER,  I 


BULLmN  III    PIATK  XXXII 


PLATE  XXXIII. 


HOBIZONTAIi  CLEAVAGE  SUBEAGQB. 


A  borixontal  cleavage  surface  of  the  Buxton  coal  (XIO),  contaliiiiig  a  large 
amount  of  fragmentary  cuticles  and  some  woody  patches. 


PLATE  XXXTV. 

HORIZONTAL  CLEAVAGE  SURFACE. 

A.  An  oblique  section,  slightly  enlarged,  through  the  compact  coal  of  the 
Zeigler  coal.  The  irregular  black  areas  and  heavy  lines  represent  the  fracture 
through  anthraxylon  chips ;  the  grayish  areas  represent  largely  the  attritus. 

B.  A  horizontal  cleavage  fracture  (XIO)  through  compact  coal  of  the  Royal- 
ton  coal,  showing  an  area  with  only  a  few  woody  patches  and  a  number  of 
**rodlets"  or  "needles"  or  their  impressions. 


PLATE  XXXV. 


HORIZONTAL  CLEAVAGE  SURFACE. 


A  and  B.  Horizontal  cleavage  surfaces  (XIO)  through  layers  of  the  Royal - 
ton  coal  similar  to  the  layer  shown  nt  3-r,  Plate  XXII,  A,  showing  a  number 
of  rodlets,  bits  of  coalified  woody  tissues,  parts  of  stems,  petioles,  cuticles,  and 
attritus.    Similar  fractures  are  found  in  many  coals. 


PLATE  XXXVI. 

GOAL  FROM  THE  PITTSBURGH  BED. 

A.  Bntire  vertical  cut  of  an  outcrop,  very  much  reduced,  of  the  Pittsburgh 
bed,  between  Hobart  and  Beacon  Streets,  west  of  Whitman  Street  in  Pittsburgh, 
Pa.,  showing  the  general  layering  of  the  coal  as  seen  in  the  seam,  which  is  11  tu 
12  feet  thlcls  here.  The  lighter  layer  toward  the  top  of  the  seam,  at  1-p, 
represents  the  clay  parting  persistently  found  throughout  the  seam. 

B.  A  piece  of  coal,  natural  size,  from  the  Pittsburgh  seam  showing  the  macro- 
scopic appearance,  the  lamination,  and  the  structure  of  the  Pittsburgh  coal.  1-d, 
3-&  and  5-d  represent  the  so-called  "  dull  coal,"  2-a  represents  a  layer  of  the 
"bright  coal",  or  anthraxylon;  at  4r-a  Is  a  much  thinner  strip  of  "bright 
coal.'*  The  "  duU  coal "  is  also  composed  of  thin  dull  and  bright  layers  alternat- 
ing with  each  other.  The  "bright  laminie,"  blacl^  laminse  in  the  photograph, 
are  shaped  like  thin  lenses  and  are  embedded  in  the  attritus. 
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PLATE  XXXVII. 

OPAQUE  VERTICAL  SECTION  OF  THE  PHTSBUKGH  COAL  FROM  THE  OAK  MIN2. 

An  opaqae  cross  section  of  Pittsburgh  coal  from  the  first  foot  of  coal  below 
the  roof  at  the  Oak  mine.  (  X 10. )  The  gray  matter  represents  the  attritus,  and 
the  delicate  black  strips  thin  anthraxylon  chips.  Note  that  some  layers  are 
composed  of  pure  attritus.  Note  also  the  exlnes  at  4-d,  and  the  carbonaceous 
inclusion  at  5-d.  Observe  the  general  distribution  of  the  constituents,  the 
general  structure  of  the  thin  sheets,  and  the  proportion  of  attritus  to  an- 
tbraxylon. 


PLATE  XXXVni. 


CONTINUED   FROM    PLATE   XXXVH. 


An  opaque  cross  section  of  the  dull  coal  the  second  foot  from  the  roof  in  the 
Pittsburgh  bed  at  the  Oak  mine.  (XIO.)  The  coal  contains  more  matter 
derived  from  chips  of  wood,  or  anthraxylon  matter,  than  that  shown  in 
Plate  XXXVII. 


PLATE  XXXIX. 

CONTINUED   FROM    PLATE   XXXVIII. 

An  opaque  cross  section  of  the  third  foot  of  coal  below  the  roof  in  the 
Pittsburgh  seam,  at  the  Oak  mine  (XIO),  showing  the  general  structure.  No- 
tice that  there  is  a  larger  proportion  of  anthraxylon  matter  in  the  third  foot 
than  in  the  second  (PI.  XXXVII)  or  the  first  foot  of  coal  (PL  XXXVIII). 
Megaspore  exlnes  are  shown  in  the  region  2-d  to  3-d. 


PLATE  XL. 

CONTINUED    FROM    PLATE    XXXIX. 

An  opaque  cross  section  of  the  fourth  foot  of  coal  from  the  roof  in  the 
Pittsburgh  seam  at  the  Oak  mine.  (XIO.)  The  anthraxylon  is  here  more  dis- 
integrated. Note  the  megaspore-exines,  in  light  gray,  particularly,  in  the 
region  3-d  to  4-d.  At  »5-d  is  an  inclusion  of  "  mother  coal "  or  carbonaceous 
matter  showing  cell  structure,  many  of  the  cells  being  filled  with  quartz. 
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•ULLETrN    lir     PUtTI  X 


i.  WHOLE  SECTION   OF  OUTCROP  OF   PITTSBURGH   COAL,  GREATLY  REDUCED. 


'   OF   PITTSBURGH    COAL. 


OPAQUE  VERTICAL  SECTION  OF  COAL  FROM  THE  OAK  MINE,  FIRST  FOOT.    (X  10) 


OPAQUE   VERTICAL   SECTION   OF   COAL   FROM    THE   OAK   MINE.  SECOND   FOOT. 


OPAQUE   VERTICAL   SECTION   OF   COAL   FROM   THE   OAK  MINE,  FOURTH    FOOT. 


PLATE  XLL 


CX)NTINXJED  FROM   PLATE   XL. 


An  opaque  cross  section  of  the  coal  from  the  fifth  foot  from  the  roof,  or  the 
first  foot  from  the  fioor,  in  the  Pittsburgh  bed  at  the  Oak  mine.  (XIO.) 
There  is  a  large  proportion  of  anthraxylon.  At  2-a  are  two  very  thin  an- 
thraxylon  componenta 


PLATE  XLII. 

STRUCTURE  OF  PITTSBURGH  CX)AL  FROM  THE  EXPERIMENTAL  MINE. 

An  Opaque  cross  section  of  the  coal  from  the  Pittsburgh  bed  at  the  Experi- 
mental mine,  Bruceton,  Pa.  (XIO.)  Attritus  is  shown  in  gray,  anthraxylon 
in  black.  The  structure  and  composition  is  similar  to  that  of  the  coal  from  the 
Oak  mine  Just  shown. 


PLATE  XLIII. 

OPAQUE   VERTICAL  SECTION. 

Another  opaque  cross  section  of  the  coal  from  the  Pittsburgh  seam  at  the  Ex- 
perimental mine,  Bruceton,  Pa.  (XIO),  showing  the  general  structure.  Some 
of  the  anthraxylon  chips  are  almost  thick  enough  to  be  recognized  macroscopi- 
cally  as  "bright  coal." 


PLATE  XLIV. 

THIN  VERTICAL  SECTIONS. 

•  A,  A  thin  cross  section  of  the  coal  from  the  first  foot  from  the  roof  of  the 
Oak  mine  (XIO),  photographed  by  means  of  transmitted  light,  showing 
the  proportion  of  the  anthraxylon  to  the  attritus  and  the  appearance  of  the 
anthraxylon  at  low  magnification.  The  anthraxylon  is  shown  as  the  gray 
bands,  and  the  attritus  in  the  black  bands.  The  anthraxylon  looks  ragged.  In 
the  upper  part  is  seen  a  carbonaceous  inclusion,  and  In  the  central  part  smaller 
carbonaceous  resinous  nodules. 

B,  The  lower  half  of  A  (X20),  showing  the  same  components  in  better  de- 
tail. The  photographs  at  low  magnifications  by  transmitted  light  mainly 
serve  as  intermediates  between  the  macroscopic  appearance  and  that  at  high 
magnifications. 

Note. — ^The  constituents  shown  in  black  in  the  photographs  of  thin  sections 
are  not  always  black  or  opaque  in  the  sections,  but  most  of  them  are  trans- 
parent, or  at  best  translucent  and  are  dark  red.  The  natural  humic  matter 
and  the  anthraxylon  components  range  from  orange  to  light  red  and  the  spore- 
exines  from  light  to  golden  yellow,  transmitting  light  readily. 
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PLATE  XLV, 

CONTINUED  FROM  PLATE  XlilV. 

A.  A  thin  section  from  the  second  foot  of  coal  from  the  roof  of  the  Gale 
mine  ( XIO),  showing  an  anthraxylons  layer  in  the  upper  half  and  one  of  rela- 
tively pure  attritus  in  the  lower  half.  The  delicate  layering  of  the  anthraxylon 
components  is  clearly  shown,  with  interlayers  of  attritus.  The  lighter  mot- 
tling in  the  lower  half  largely  represents  spore  matter. 

B,  A  thin  cross  section  of  the  coal  from  the  Oak  mine  from  the  same  horlxon 
as  A  ( X20),  showing  the  structure  and  nature  of  the  components  more  clearly, 
also  a  considerahle  amount  of  carbonaceous  matter  in  several  places. 

PLATE  XLVL 

CONTINUED  FROM  PLATE  XLV. 

A.  A  thin  section  of  coal  from  the  third  foot  from  the  roof  of  the  Oak  mine 
(XIO),  showing  a  larger  proportion  of  anthraxylon  matter  which  is  more 
compact  than  in  coal  from  the  first  and  second  foot.  The  megaspore-exines 
and  the  mlcrospore-exines  are  everywhere  in  the  attritus  between  the  an- 
thraxylon strips. 

B,  A  section  similar  to  A.  (X20.)  Laminse  of  carbonaceous  attritus  are 
seen  in  the  upper  part  and  a  resinous  anthraxylon  strip  in  the  central  part. 
The  lower  part  shows  a  layer  of  dull  coal  rich  in  attritus,  a  large  proportion 
of  which  is  carbonaceous  matter. 


PLATE  XLVII. 

CONTINUED  FROM  PLATE  XLVI. 

A.  A  thin  cross  section  from  the  fourth  foot  of  the  Oak  mine  coal  (XIO), 
showing  that  the  coal  is  more  anthraxylous  than  at  the  third  foot.  The  an- 
thraxylon is  compactly  layered. 

B,  A  thin  cross  section  from  the  same  horizon  as. A  (X20),  showing  the 
nature  of  the  coal  more  clearly.  The  attritus  wedged  between  the  anthraxylous 
matter  is  similar  to  that  shown  in  the  coal  from  the  other  levels. 


PLATE  XLVIII. 

THIN  VERTICAL  SECTIONS. 

A.  A  thin  section  of  coal  from  the  fifth  level  from  the  top  or  the  first  foot 
from  the  floor  at  the  Oak  mine,  prepared  by  transmitted  light.  (X20.)  The 
coal  from  this  level  is  not  as  compact  as  that  from  the  third  and  the  fourth 
foot  levels  but  is  very  woody.  The  larger  and  the  smaller  megaspores  are 
seen  in  the  attritus.  The  large  exines  in  the  lower  part  of  the  photograph 
measure  approximately  1,250  microns  or  li  mm.  across  the  disk. 

B,  Part  of  the  same  section  as  shown  in  Plate  XLIV,  A  (X200),  showing 
two  anthraxylon  strips,  1-a  and  3-a,  and  two  sheets  of  attritus,  2-d  and  4-d, 
layered  between  the  anthraxylon  strips.  In  greater  detail.  The  cell  structure 
and  also  characteristic  resinous  inclusions  are  shown  in  the  anthraxylon  strips. 
Spore-exines  and  humic  matter  are  seen  embedded  in  the  attritus  in  a  car- 
l)onaceous  groundmass,  the  detail  of  which  is  not  shown. 
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kULLITIN  lit     PLATB  K 


B.  THIN  VERTICAL  SECTION  OF  COAL  (X  20)  FROM  THE  OAK  MINE,  FIRST  FOOT. 


a.  THIN    VERTICAL   SECTION    OF   COAL   (X  20)    FROM    THE   OAK    MINE,   SECOND 


^IN   VERTICAL   S 


fl.  AREA   FROM    PLATE   XLtV.  A.     (X  200) 


PLATE  XLIX. 

THIN  VERTICAL  SECnONS. 

A.  Part  of  the  section  shown  in  Plate  XLIV,  A.  (X200.)  At  1-r  Is  a 
strip  of  resinous  anthraxylon  resting  on  a  less  resinous  part,  2-a.  At  3-a 
is  anthraxylon,  Including  resinous  matter,  in  which  the  original  cell  structure 
is  still  recognizable;  similar  structures  are  found  at  6-a;  at  5-d  is  a  sheet  of 
attritus  rich  in  carbonaceous  matter,  including  a  few  resinous  particles,  some 
humic  and  some  spore  matter. 

B,  A  layeirof  dull  coal  from  the  same  section  shown  in  A  (X200),  com- 
posed of  humic,  carbonaceous,  earthy,  and  spore  matter,  and  a  considerable 
number  of  large  resinous  particles,  including  the  thin  anthraxylon  strips,  2-a, 
4-a,  and  5-a,  and  a  somewhat  thicker  strip  with  resinous  inclusions,  6-a  and 
7-4L  The  original  cell  structure  of  the  anthraxylon  strips  Is  still  recognizable. 
The  attritus  at  3-d  is  rich  in  carbonaceous  matter. 

PLATE  L. 

THIN  VERTICAL  SECTIONS. 

A,  A  thin  cross  section  of  coal,  in  the  second  foot  from  the  roof  of  the 
Oak  mine  (X200),  representing  a  layer  of  attritus;  largely  composed  of  humic 
matter,  some  spore  matter,  some  resinous  matter,  a  considerable  number  of 
large  carbonaceous  particles  and  considerable  finely  divided  carbonaceous 
matter. 

B.  Another  section  from  the  second-foot  level  of  the  Oak  mine  coal  (X200), 
representing  attritus  Ui  which  are  embedded  strips  of  anthraxylon,  3-a,  5-a, 
and  7-a,  and  many  megaspores,  these  being  very  numerous  at  1-sp.  The  width 
of  the  megaspores  is  approximately  75  to  100  microns,  or  about  one-tenth  of  a 
millimeter. 

PLATE  LL 

THIN  VERTICAL  SECTIONS. 

A,  A  cross  section  of  coal  from  the  second  foot  from  the  roof  of  the  Oak 
mine  (X200),  showing  a  layer  of  attritus  mainly  composed  of  spore-exines  em- 
bedded in  a  mass  of  humic  and  carbonaceous  matter,  not  well  differentiated 
In  thlB  photograph. 

B,  A  part  of  the  section  Included  in  A  (X  1,000),  showing  the  constituents 
in  detail.  The  spore-exines  are  shown  here  in  cross  section  as  irregular  crenu- 
lated  areas..  The  matrix  between  the  spore-exines  is  seen  to  consist  of  humic 
and  carbonaceous  matter.  A  few  resinous  particles  are  present.  The  humic 
matter  is  gray,  and  the  carbonaceous  black.  Note  the  minute  size  of  the  area 
represented  in  tills  photograph,  less  than  0.1  mm.,  or  about  one  two-hundred- 
and-fortleth  Inch.- 

PLATE  LII. 

THIN  VERTICAL  SECTIONS. 

A.  A  cross  section  prepared  from  the  second  foot  of  coal  of  the  Oak  mine 
(X200),  showing  an  anthraxylous  layer  with  some  attritus  included  at  2-h1, 
4-<i,  and  7-d.  Notice  the  row  of  cells  below  4-d,  the  remains  of  spiral  vessels 
at  &-a,  and  a  cuticle  at  5-c. 

B.  Another  cross  section  from  the  same  level  as  A,  showing  a  large  number 
of  thin  strips  of  anthraxylon  embedded  in  an  attritus  rich  in  carbonaceous 
matter,  much  of  which  consists  of  large  particles  (X200). 
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PLATE  LIIL 

THIN  VERTICAL  SECTIONS. 

A.  Area  from  Plate  XLIV,  A  (X200),  showing  a  layer  of  attritus  including 
tbin  strips  of  anthraxylon,  1-a  and  3~a,  and  a  number  of  carbonaceous  particles. 
The  attritus  is  composed  of  spore-exines,  humic  matter,  and  much  carbonaceous 
matter.  The  oval  area  in  2-d  represents  a  lump  of  spore-exines  intimately 
united. 

B,  From  an  area  included  in  Plate  XLIY,  A  (  XIOOO),  showing  the  attritus  in 
detail.  The  exlnes  in  cross  section  appear  crenulated.  Note  the  megaspore  In 
the  upper  part 


PLATE  LIV. 

THIN  VERTICAIi  SECTIONS, 

A,  A  thin  cross  section  from  the  second  foot  of  coal  from  the  Oak  mine 
(X200),  containing  much  granular  humlc  matter  and  thin  anthraxylon  strips. 
The  proportion  of  the  spore  matter,  the  carbonaceous  matter,  and  the  humlc 
matter  is  shown. 

B,  A  thin  cross  section  from  the  second  foot  of  coal  from  the  Oak  mine 
(X200),  showing  the  nature  and  structure  of  the  anthraxylon  chips  and  the 
distribution  of  carbonaceous  matter  and  spore-exines.  The  cell  structure  in 
the  anthraxylon  is  largely,  although  not  altogether,  effaced. 


PLATE  LV. 

THIN  VERTICAL  SECTIONS. 

A,  A  thin  cross  section  (X200)  from  the  third  foot  from  the  roof  of  the 
Oak  mine,  representing  an  anthraxylous  layer.  The  cell  remains  at  2-a  are 
clearly  shown,  but  at  3-a  they  are  recognizable  only  as  thin  striatlons. 

B.  A  thin  section  of  the  coal  ( X200)  from  the  third  foot  from  the  roof  of  the 
Oak  mine,  representing  thin  anthraxylon  chips,  1-a  and  3-a,  embedded  In  the 
attritus.  The  attritus  is  rich  in  carbonaceous  matter  at  2-d.  The  cell  structure 
in  the  anthraxylon  Is  eversrwhere  clearly  seen. 


PLATE  LVI. 

THIN   VERTICAL  SECTIONS. 

A,  A  thin  cross  section  of  coal  in  the  fourth  foot  from  the  top,  at  the  Oak 
mine  (X200),  showing  a  peculiar  type  of  tissue  very  common  at  this  level. 
At  1-d  is  shown  a  strip  of  granular  resinous  matter. 

B.  A  thin  cross  section  in  the  fourth  foot  of  coal  from  the  roof,  at  the  Oak 
mine  (X200),  showing  at  1-ad  a  layer  of  comminuted  anthraxylon,  at  2-a  the 
same  kind  of  tissue  as  shown  in  Plate  LVI,  A,  and  at  S-a  and  4-a  compact 
anthraxylon  including  some  resinous  particles.  Only  a  few  spore-exines  are 
seen  in  the  attritus. 
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.  PART   OF   SECTION   SHOWN    I 


B.  LAYER  OF  DULL  COAL  FROM  THE  SAME  SECTION  SHOWN   IN   PLATE  X 


B.  ANOTHER   THIN   VERTICAL   SECTION   OF  SAME   COAL   AS   ABOVE.    (X  200> 


(   MINE,  SECOND 


r    OF   SECTION    SHOWN   ABOVE,     (X  1000) 


t   THE   OAK    MINE,   SECOND 


•B.  ANOTHER   CROSS   SEtTTION    FROM    SAME   COAL   AS   I 


A.  AREA   FROM    PLATE   > 


AREA    FROM    PLATE   XLIV,  ^.     (X 1000) 


HE   OAK   MINE. 


(TICAL   SECTION   OF   COAL   (X  20)   FROM    THE   OAK    t 


,REA   FROM    PLATE   > 


PLATE  XLIX, 

THIN  VERTICAL  SECTIONS. 

A.  Part  of  the  section  shown  in  Plate  XLIV,  A.  (X200.)  At  1-r  is  a 
strip  of  resinous  anthraxylon  resting  on  a  less  resinous  part,  2-a.  At  3-a 
is  anthraxylon,  including  resinous  matter,  in  which  the  original  cell  structure 
is  still  recognizable ;  similar  structures  are  found  at  6-a ;  at  5-d  is  a  sheet  of 
attritus  rich  In  cart>onaceous  matter,  including  a  few  resinous  particles,  some 
humic  and  some  spore  matter. 

B.  A  layer  of  dull  coal  from  the  same  section  shown  in  A  (X200),  com- 
posed of  humic,  carbonaceous,  earthy,  and  spore  matter,  and  a  considerable 
number  of  large  resinous  particles,  including  the  thin  anthraxylon  strips,  2-a, 
4-a,  and  5-a,  and  a  somewhat  thicker  strip  with  resinous  inclusions,  6-a  and 
7--a.  The  oricinal  cell  structure  of  the  anthraxylon  strips  is  still  recognizable. 
The  attritus  at  3-d  is  rich  in  carbonaceous  matter. 

PLATE  L. 

THIN  VERTICAL  SECTIONS. 

A,  A  thin  cross  section  of  coal,  in  the  second  foot  from  the  roof  of  the 
Oak  mine  (X200),  representing  a  layer  of  attritus;  largely  composed  of  humic 
matter,  some  spore  matter,  some  resinous  matter,  a  considerable  number  of 
large  carbonaceous  particles  and  considerable  finely  divided  carbonaceous 
matter. 

B.  Another  section  from  the  second-foot  level  of  the  Oak  mine  coal  (X200), 
representing  attritus  in  which  are  embedded  strips  of  anthraxylon,  3-a,  5-a, 
and  7-A,  and  many  megaspores,  these  being  very  numerous  at  1-sp.  The  width 
of  the  megaspores  is  approximately  75  to  100  microns,  or  about  one-tenth  of  a 
millimeter. 

PLATE  LL 

THIN  VERTICAL  SECTIONS. 

A,  A  cross  section  of  coal  from  the  second  foot  from  the  roof  of  the  Oak 
mine  ( X200),  showing  a  layer  of  attritus  mainly  composed  of  spore-exines  em- 
bedded in  a  mass  of  humic  and  carbonaceous  matter,  not  well  differentiated 
in  this  photograph. 

B.  A  part  of  the  section  included  in  A  (X  1,000),  showing  the  constituents 
in  detail.  The  spore-exines  are  shown  here  in  cross  section  as  irregular  crenu- 
lated  areas..  The  matrix  between  the  spore-exines  is  seen  to  consist  of  humic 
and  carbonaceous  matter.  A  few  resinous  particles  are  present.  The  humic 
matter  is  gray,  and  the  carbonaceous  black.  Note  the  minute  size  of  the  area 
represented  in  tliis  photograph,  less  than  0.1  mm.,  or  about  one  two-hundred- 
and-fortieth  inch. 

PLATE  LII. 

THIN  VERTICAL  SECTIONS. 

A,  A  cross  section  prepared  from  the  second  foot  of  coal  of  the  Oak  mine 
(X200),  showing  an  anthraxylous  layer  with  some  attritus  included  at  2-d, 
4-d,  and  7-d.  Notice  the  row  of  cells  below  4-d,  the  remains  of  spiral  vessels 
at  &-a,  and  a  cuticle  at  5-c. 

B.  Another  cross  section  from  the  same  level  as  A,  showing  a  large  number 
of  thin  strips  of  anthraxylon  embedded  in  an  attritus  rich  in  carbonace<Mis 
matter,  much  of  which  consists  of  large  particles  (X200). 
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PLATE  LXI. 

THIN  HORIZONTAL  SECTIONS. 

A,  A  thin  horizontal  section  (X150)  of  the  first  foot  of  coal  ffom  the  Oalv 
mine,  showing  the  general  appearance  of  the  attrltus  in  a  horizontal  section. 
The  small  circular  to  slightly  oval  areas  are  the  spore-exines  seen  on  their 
broad  side,  the  irregular  blacls  areas  are  more  highly  carbonized  matter  or  bits 
of  charcoal,  and  the  irregular  gray  areas  are  humic  matter. 

B,  A  more  highly  magnified  portion  of  A  (X  1,000),  showing  the  constit- 
uents in  detail.  The  sculpturing  of  the  spore-exlnes,  which  are  gray,  circular, 
and  oval  areas,  is  clearly  seen.  Note  the  carbonized  and  more  opaque  matter 
and  its  distribution  in  the  humic  matter. 


PLATE  LXIL 

THIN   HORIZONTAL  SECTIONS. 

A.  A  thin  horizontal  section  from  the  second  foot  of  coal  from  the  Oak  mine 
(X150),  showing  the  general  character  of  the  coal  in  horizontal  section. 
The  larger  part  of  the  constituents  is  attrltus;  in  the  lower  right-hand  part  is  a 
horizontal  section  of  an  anthraxylon  chip  in  which  the  cell  structure  is  clear. 
The  different  constituents  composing  the  attrltus,  such  as  spor^exines,  humic 
matter,  and  carbonaceous  matter,  are  distinguishable. 

B.  An  area  included  in  A  ( X  1.000),  showing  the  constituents  in  detaiL  The 
oval  bodies  are  the  poUen-exines  abundant  in  this  coal.  A  few  spore-exines  are 
shown  indistinctly ;  the  carbonaceous  matter  is  represented  by  definite  parti- 
cles greatly  varj'ing  in  size ;  the  humic  matter  is  in  gray. 


PLATE  LXIII. 

THIN  VERTICAL  SECTION. 

Thin  cross  section  of  the  Pittsburgh  coal  from  the  Experimental  mine 
(X200),  continued  in  Plates  LXIV,  LXV,  and  LXVI.  The  anthraxylon  strips 
at  2-a,  3-a,  5-a,  7-a,  and  9-a  are  distinctly  separated  from  one  another  by 
the  layers  of  attrltus,  1-<1,  4-(l,  6-d,  8-d,  and  lO-d.  The  attrltus  is  composed 
largely  of  humic  matter  in  the  form  of  particles  or  granules  of  greatly  varying 
sizes;  spore-exines  are  relatively  few,  and  the  proportion  of  carbonaceous  mat- 
ter is  small. 

PLATE  LXIV. 

CONTINUED  FROM  PLATE  LXIII. 

The  anthraxylon  strips,  of  which  there  are  a  number,  ai;e  not  definitely  sep- 
arated by  attrltus  here,  but  are  packed  rather  closely.  The  cell  structure  is 
distinguishable  everywhere. 
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BuniAu  or  minu 


B.  ANOTHER  SECTION    FROM   THE   FIFTH    FOOT   OF   COAL,   OAK   MfNE.     (X  200). 


BURBAU  O*  MINE! 


S.  THIN   SECTION   OF   ANTHRAXYLON   WITH    RESINOUS   INCLUSIONS.     (X  203) 


A.  MEGA5PORANGIUM    IN   COAL   FROM   THE   OAK   MINE.     < 


t.  CHARCOAL   IN    COAL   FROM   1 


2.  HIGHLY    MAGNIFIED    AREA    FROM    THE    SECTION    ABOVE.     (X  1000) 


1    THE   EXPERIMENTAL   MINE. 


CONTINUATION    FROM    PLATE   LXIII 


PLATE  LXV. 


CONTINUED  FROM  PLATE  LXIV. 


The  anthraxylon  matter  is  here  much  disintegrated.  There  is  no  definite 
line  of  distinction  between  the  anthraxylon  chips  and  the  humic  matter  in  the 
finely  divided  state  in  which  it  forms  a  constituent  of  the  attritus.  Evidences 
of , cell  structure  are  seen  in  even  the  small  particles. 


PLATE  LXVI. 

CONTINUED  FROM  PLATE  LXV. 

This  photograph  shows  a  considerable  amount  of  more  highly  carbonized 
matter ;  the  anthraxylon  matter  is  much  disintegrated.  Spore-exines  are  rela- 
tively few. 

PLATE  LXVII. 

THIN   VERTICAL  SECTION. 

A  thin  cross  section  from  the  coal  from  the  Experimental  mine  (X200), 
showing  an  attritus  rich  in  spore-exines,  In  which  are  embedded  thin  chips 
of  anthraxylon,  2-a,  4-a,  &-a,  and  8-a.  A  few  particles  of  a  more  highly  car- 
bonized matter  are  shown. 

PLATE  LXVIII. 

THIN   \'ERTICAL  SECTION. 

A  thin  cross  section  (X200)  of  coal  from  the  Elxperimental  mine,  showing 
a  layer  with  much  comminuted  anthraxylon.  The  bark-like  tissue  at  2-a,  In 
-which  the  cell  structure  is  well  preserved,  is  common  in  some  sections.  It  is 
dark  brown,  has  a  gummy  appearance  and  irregular  shapes.  Although  it  is 
dark,  its  appearance  differs  altogether  from  that  of  the  fragments  of  charcoal. 
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PLATE  LXIX. 

THIN  \'BRTICAL  SECTIONS. 

A.  A  thin  cross  section  of  coal  from  the  Experimental  mine  ( X200)  showing 
a  strip  of  anthraxylon,  2-a,  in  which  the  cell  structure  is  remarkably  well 
preserved.  The  attritus  at  3-d  is  very  carbonaceous;  the  inclusion,  shown  In 
white,  is  a  nest  of  Intimately  united  spore-exines. 

B.  A  thin  cross  section  from  the  Pittsburgh  coal  at  the  experimental  mine 
(X20(T),  showing  a  typical  appearance  of  the  attritus  in  tliis  coal,  rich  in 
humic  matter  and  including  a  large  number  of  spore^xines.  The  black  ovoid 
area  at  4-d  represents  one  of  the  many  highly  carbonized,  resinous  globules 
in  the  coaL 

PLATE  LXX. 

THIN  VERTICAL  SECTIONS. 

A.  A  part  of  the  section  shown  In  Plate  LXIX,  B  (X  1,000),  showing  the 
distribution  and  nature  of  the  compcments  in  detail.  Spore-exines  are  repre- 
sented by  the  linear  white  patches  with  a  crenulated  outline  due  to  the  sculp- 
turing of  the  exine ;  the  carbonaceous  matter  is  in  black  and  the  humic  matter 
in  gray. 

B,  Another  area  Included  in  the  part  of  the  cross  section  shown  in  Plate 
LXIX,  B  (X  1,000),  showing  a  larger  amount  of  carbonaceous  matter  and  a 
numl>er  of  resinous  particles  in  the  attritus. 


PLATE  LXXI. 

THIN  HORIZONTAL  SECTIONS. 

A.  A  thin  horizontal  section  of  the  coal  from  the  Experimental  mine  ( X150) 
shows  the  general  appearance  of  a  horissontal  section  through  a  layer  of  com- 
minuted humic  matter.  Toward  the  right  the  section  cuts  off  horizontally  a  thin 
slice  of  an  anthraxylon  chip.  The  large  proportion  of  cell  structures  is 
noticeable. 

B.  A  thin  horizontal  section  of  the  coal  from  the  Experimental  mine  (X150) 
cut  through  humic  attritus. 


PLATE  LXXIL 

THIN  HORIZONTAL  SECTIONS. 

A.  A  thin  horizontal  section  of  coal  from  the  Pittsburgh  seam  at  the  Experi- 
mental mine  (X150),  showing  a  section  cut  horizontally  through  a  vascular 
strand  eml)edded  in  the  attritus.  Remnants  of  the  spiral  vessels  are  recogniz- 
able in  the  center  of  the  strand. 

B.  A  thin  horizontal  section  from  the  Pittsburgh  coal  at  the  Experimental 
mine  (Xl.'iO),  showing  a  section  through  two  overlapping  anthraxylon  chips; 
the  cell  structure,  some  of  which  is  spiral,  is  clearly  shown.  Between  the  two 
chips  is  a  vascular  strand  also  showing  spiral  vessels. 
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I    FROM    PLATE   LXIV 


CONTINUATION    FROM    PLATE    L 


THIN  VERTICAL  SECTION  OF  COAL  FROM  EXPERIMENTAL  MINE,  SHOWS 
SPORE'EXINES.  ANTHPAXYLON  CHIPS,  AND  MORE  HIGHLY  CARBON- 
IZED  MATTER.     (X300) 


'    nJkTB  LXVIII 


BUniAU  OP  HINU     -  BULLETIN  II 


AREA    FROM    SECTION    SHOWN    IN    PLATE    LXIX,  B.     (X  1000) 


B.   ANOTHER  AREA   FROM   SECTION   SHOWN    IN   PLATE   LXIX 


MENTAL  MINE,  CUT 


burcau  op  mine*  ■ullstin  tii  mjite  lxxii 


PLATE  LXXra. 

THIN  HORIZONTAIi  8EC?nONS. 

A,  A  thin  borlzontal  section  of  the  coal  from  the  Experimental  mine  ( X150), 
showing  some  of  the  very  well-preserved  tissues  in  this  coal.  The  origin  of 
the  tissue  embedded  in  the  attritus  is  not  clear,  although  it  resembles  in  many 
ways  the  sporangium  walls  found  in  this  and  other  coals. 

B.  A  thin  horizontal  section  of  the  coal  from  the  Experimental  mine  ( X160), 
showing  a  part  of  a  sporangium  wall,  embedded  in  the  attritus.  A  slice  of  an 
anttirdxylon  chip  is  shown  in  the  upper  part  of  the  photograph. 


PLATE  LXXIV. 

THIN  HORIZONTAL  SECTIONS. 

A.  A  thin  horizontal  section  of  the  coal  from  the  Pittsburgh  seam  at  the 
Experimental  mine  (X150),  showing  the  general  appearance  of  the  attritus  in 
hoitEOtital  aectiona.  In  the  upper  part  is  much  disintegrated  anthraxylon  or 
hmnic  matter,  in  the  lower  half  the  attritus  is  carbonaceous  and  also  contains 
many  spore-exlnes. 

B.  A  horizontal  section  of  the  coal  from  the  Experimental  mine  (X200), 
showing  large  resinous  particles,  partly  covered  by  and  seen  through  a  thin 
section  of  anthraxylon  on  the  left  At  the  upper  right  note  the  typical 'appear- 
ance of  the  attritus  as  seen  in  horizontal  section ;  shown  also  in  Plate  LXXV,  A 
(X  1,000.)     - 

PLATE  LXXV. 

THIN  HORIZONTAL  SECTIONS. 

A.  Horizontal  section  of  part  of  the  area  shown,  in  the  upper  right-hand 
comer  of  Plate  LXXIV,  B  (X  1,000),  showing  in  detail  the  appearance  and 
nature  of  the  predominant  spore-ex ines  of  the  Pittsburgh  conl  and  the  general 
nature  of  the  other  constituents  of  the  attritus. 

B.  A  thin  horizontal  section  of  the  coal  from  the  Experimental  mine  ( X  1,000), 
showing  the  attritus  partly  through  a  thin  slice  of  anthraxylon,  the  woody 
structure  of  which  is  evident  The  elliptical  spore-exine  a  little  to  the  right 
of  the  center,  with  delicate  spines  arranged  systematically  over  the  surface,  is 
scattered  throughout  the  coal  of  the  Pittsburgh  bed. 

PLATE  LXXVI. 

THIN  HORIZONTAL  SECTIONS. 

A.  A  thin  horizontal  section  (X  1,000)  of  coal  from  the  Experimental  mine, 
through  carbonaceous  attritus.  The  definite  particles  of  the  carbonaceous  mat- 
ter are  clearly  shown.  Under  the  microscope  the  humic  matter  Is  seen  to  be 
in  a  similar  state  of  division,  but  on  account  of  its  refraction  of  the  light  the 
granular  appearance  is  obscured. 

B,  From  another  thin  horizontal  section  (X  1,000)  of  coal  from  the  Experi- 
mental mine,  showing  a  condition  similar  to  A.  Note  the  great  variability  in 
size  and  form  of  the  pollen-exines  represented  by  the  oval  or  ovoid  areas. 
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PLATE  LXXVII. 

I 

THIN  VERTICAL  SECTIONS. 

A.  A  thin  cross  section  of  tlie  Pittsburgh  coal  from  Madison,  Pa.  (X200) 
showing  the  more  highly  carbonaceous  nature  of  the  attritus  in  the  coal  from 
this  locality.  The  spore-exines  are  the  same  as  those  from  other  parts  of  the 
Pittsburgh  bed.  This  photograph  resembles  Plate  LIII,  A,  prepared  from  the 
coal  from  the  Oak  mine,  and  Plate  LiXIX,  B,  from  the  coal  from  the  experimental 
mine,  very  closely. 

B.  An  area  near  the  center  of  A  ( X  1,000) ,  showing  the  constituents  in  detail. 


PLATE  LXXVIII. 

THIN  CROSS  SECTIONS  OF  THE  PITTSBURGH  COAL. 

,^    .      A,    A  thin  cross  section  of  coal  from  the  Pittsburgh  seam  fronij|H  unknown 
^^,      locality   (X200),  showing  a  strip  of  resinous  anthraxylon,  2~a  Sd  3-a,  be- 
tween the  nonresinous  strips  1-a  and  4-a.  ^- 

B.  A  thin  cross  section  from  coal  of  the  Pittsburgh  seam  from  )/Ba  unknown 
locality  (X200),  showing  jaL  number  of  thin  anthraxylon  strips,  d^Hi;  5-a,  and 
7-a,  and  a  carbonaceous  attritus,  S-d.  The  spore-exines  are  of  the  iimie  type  as 
those  of  other  localities  of  the  seam.  r^; 


PLATE  LXXIX. 

THIN  VERTICAL  SECTIONS. 

A.  A  thin  cross  section  ( X200)  of  Pittsburgh  coal  from  an  unknown  locality, 
showing  a  layer  rich  in  humic  matter  and  carbonaceous  matter,  and  relatively 
few  spore-exines.    The  humic  matter  consists  largely  of  thin,  flat  particles. 

B,  A  part  of  the  section  shown  in  A  (X  1,000),  showing  a  considerable  num> 
ber  of  spore^xines,  embedded  in  finely  divided  carbonaceous  matter  and  some 
humic  matter. 

PLATE  LXXX. 

THIN    VERTICAL    SECTIONS. 

A.  A  thin  cross  section  ( X200)  of  coal  of  the  Pittsburgh  seam  from  an  un- 
known locality,  showing  a  layer  of  attritus  rich  in  humic  matter,  consisting 
largely  of  thin  flat  particles,  numerous  smaller  carbonaceous  particles,  some 
resinous  matter,  and  a  considerable  number  of  spore-exines.  An  area  from 
this  section  is  shown  in  Plate  LXXXI,  A,     ( X  1,000.) 

B.  A  part  of  the  section  shown  in  A  (X  1,000),  showing  the  composition 
of  the  coal  in  detail.  The  anthraxylon  strip  in  the  upper  part,  although  ex- 
ceedingly thin,  reveals  remaining  cell  structures.  Spore-exines  are  in  white* 
carbonaceous  matter  in  black,  humic  matter  in  gray. 
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J    COAL    FROM    eXPERIMENTAt    MINE.     (X150) 


S.  SPORANGIUM    IN    ATTRITU5,    COAL   FROM    EXPERIMENTAL   t 


BULLETIN  III    PLKTE  LXXtv 


B.   RESINOUS   PARTICLES   IN  COAL  FROM   EXPERIMENTAL   MINE.     (X  200) 


A.  AREA   FROM   SECTrON   SHOWN    IN    PLATE   LXXI 


B.  THIN  HORIZONTAL  SECTION  OF  COAL  FROM  THE  EXPERIMENTAL 
MINE,  SHOWING  ANTHRAXYUON  AND  SPORE-EXINES  IN  ATTRITUS. 
<X1O0O) 


VERTICAL   SECTION    OF   COAL    FROM    I 


1   CENTER   OF   SECTION    SHOWN   ABOVE.     (X  1000> 


CONTINUATION    FROM    PLATE   LXIII.    (X  ZC 


PLATE  LXV. 


CXJNTINUED  FROM  PLATE  LXIV. 


The  anthraxylon  matter  is  here  much  disintegrated.  There  Is  no  definite 
line  of  distinction  between  the  anthraxylon  chips  and  the  humic  matter  in  the 
finely  divided  state  in  which  it  forms  a  constituent  of  the  attritus.  Evidences 
of  aCell  structure  are  seen  in  even  the  small  particles. 


PLATE  LXVI. 

CONTINUED  FROM  PLATE  LXV. 

This  photograph  shows  a  considerable  amount  of  more  highly  carbonized 
matter;  the  anthraxylon  matter  is  much  disintegrated.  Spore-exines  are  rela- 
tively few. 

PLATE  LXVIL 

THIN  VERTICAL  SECTION. 

A  thin  cross  section  from  the  coal  from  the  Experimental  mine  (X200), 
showing  an  attritus  rich  in  spore-exines,  in  which  are  embedded  thin  chips 
of  anthraxylon,  2-a,  4r-a.,  6-a,  and  &-a.  A  few  particles  of  a  more  highly  car- 
bonized matter  are  shown. 

PLATE  LXVIIL 

THIN  VERTICAL  SECTION. 

A  thin  cross  section  (X200)  of  coal  from  the  Experimental  mine,  showing 
a  layer  with  much  comminuted  anthraxylon.  The  barl^-like  tissue  at  2-a,  in 
which  the  cell  structure  is  well  preserved,  is  common  in  some  sections.  It  is 
darls  brown,  has  a  gummy  appearance  and  irregular  shapes.  Although  it  is 
dark,  its  appearance  differs  altogether  from  that  of  the  fragments  of  charcoal. 
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PLATE  LXIX. 

THIN  ^^RTICAL  SECTIONS. 

A,  A  thin  cross  section  of  coal  from  the  Experimental  mine  (X200)  showing 
a  strip  of  anthraxylon,  2-a,  in  which  the  cell  structure  is  remarkably  well 
preserved.  The  attritus  at  3-d  is  very  carbonaceous;  the  inclusion,  shown  in 
white,  is  a  nest  of  Intimately  united  spore-exines. 

B,  A  thin  cross  section  from  the  Pittsburgh  coal  at  the  experimental  mine 
(X200r),  showing  a  typical  appearance  of  the  attritus  in  this  coal,  rich  In 
humic  matter  and  including  a  large  number  of  spore-exines.  The  black  ovoid 
area  at  4-d  represents  one  of  the  many  highly  carbonized,  resinous  globules 
in  the  coaL 

PLATE  LXX. 

THIN  VERTICAL  SECTIONS. 

A.  A  part  of  the  section  shown  in  Plate  LXIX,  B  (X  1,000),  showing  the 
distribution  and  nature  of  the  components  in  detail.  Spore-exines  are  repre- 
sented by  the  linear  white  i)atclie8  with  a  crenulated  outline  due  to  the  sculp- 
turing of  the  exine ;  the  carbonaceous  matter  is  in  black  and  the  humic  matter 
in  gray. 

B.  Another  area  Includeil  in  the  part  of  the  cross  section  shown  in  Plate 
LXIX,  B  (X  1,000),  showing  a  larger  amount  of  carbonaceous  matter  and  a 
number  of  resinous  particles  in  the  attritus. 


PLATE  LXXI. 

THIN  HORIZONTAL  SECTIONS. 

A.  A  thin  horizontal  section  of  the  coal  from  the  Experimental  mine  ( X150) 
shows  the  general  appearance  of  a  horizontal  section  through  a  layer  of  com- 
minuted humic  matter.  Toward  the  right  the  section  cuts  off  horizontally  a  thin 
slice  of  an  anthraxylon  chip.  The  large  proportion  of  cell  structures  Is 
noticeable. 

B.  A  thin  horizontal  section  of  the  coal  from  the  Experimental  mine  (X150) 
cut  through  humic  attritus. 


PLATE  LXXIL 

THIN  HORIZONTAL  SECTIONS. 

A.  A  thin  horizontal  section  of  coal  from  the  Pittsburgh  seam  at  the  Experi- 
mental mine  (X150),  showing  a  section  cut  horizontally  through  a  vascular 
strand  embedded  In  the  attritus.  Remnants  of  the  spiral  vessels  are  recogniz- 
able in  the  center  of  the  strand. 

B.  A  thin  horizontal  section  from  the  Pittsburgh  coal  at  the  Elxperimental 
mine  (XI. 50),  showing  a  section  through  two  overlapping  anthraxylon  chips; 
the  cell  structure,  some  of  which  is  spiral.  Is  clearly  shown.  Between  the  two 
chips  is  a  vascular  strand  also  showing  spiral  vessels. 
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FROM    PLATE   LXIV 


PLATE  LXXXV. 

THIN  YERTICAL  SECTION. 

A  thin  cross  section  (X200)  of  coal  from  Carbon  Hill,  Ala.,  showing  an 
anthraxylous  layer.  The  strip  at  4-a  has  retained  its  cell  structure  remarkably 
well. 

PLATE  LXXXVI. 

THIN  VERTICAIi  SECTION. 

A  thin  cross  section  (X200)  of  coal  from  Carbon  Hill,  Ala.,  showing  a  \ajer 
of  humic  attritus  that  includes  a  number  of  resinous  particles,  2-d,  few  spore- 
exines,  and  little  carbonaceous  and  earthy  matter. 


PLATE  LXXXVn. 

THIN  VERTICAL  SECTION. 

A  thin  cross  section  (X200)  of  the  coal  from  Carbon  Hill,  Ala.,  showing  the 
character  of  the  anthraxylon  components  often  found  in  this  coal.  The  woody 
structure  at  1-a  and  S-d  is  largely  effaced,  whereas  at  2-a  it  is  remarkably 
well  preserved. 

PLATE  LXXXVIII. 

THIN  VERTICAL  SECTIONS. 

A,  A  typical  thin  cross  section  (X  200)  of  the  attritus  of  the  coal  from 
Carbon  Hill,  Ala.  As  in  other  coals,  no  fast  line  of  distinction  can  be  drawn 
between  the  anthraxylon  and  the  humic  matter.  The  former  is  usually  dis- 
tinguished by  its  size  and  remains  of  cell  structure. 

B.  A  part  of  the  section  shown  in  ^  (X  1,000),  showing  the  nature  of  the 
spore-exines  in  cross  section.  They  differ  from  those  of  the  Pittsburgh  coal 
or  those  of  any  other  bed. 

102 


A.  ANOTHER  PART  OFTHE  SECTION  SHOWN  IN  PLATE  LXXX,  A.     (X  1000) 


>   SECTION   OF  CUTICLE   IN    PITTSBURC 


SPORE-EX1NES   AND   A    POLLEN   GRAIN    FROM   THE   PITTSBURGH   COAL. 


THIN  VERTICAL  SECTION  OF  PITTSBURGH  COAL,  SHOWINQ  BARKLIKE  TISSUES. 


■^LLETIN    ril     PUtTK  L: 


THIN  VERTICAL  SECTION   OF  COAL  FROM   CARBON   HILL,  ALA.    (X  200) 


A   CARBON   HILU  ALA. 


B.  PART   OF    THE   SECTION    SHOWN   ABOVE.     (X  1000) 


PLATE  LXXXIX. 

THIN  YEBnCAL  SECTnONS. 

A.  A  thin  cross  section  of  coal  from  the  mine  of  the  Hart-WilUama  Coal  Co., 
near  Benton,  111.  ( X  200),  showing  a  part  of  a  lamina  of  attritus  composed  of 
about  equal  amounts  of  humic  matter,  spore-exines,  and  carbonaceous  matter. 
The  strips  at  2-a  and  4r-a  represent  thin  chips  of  anthraxylon. 

B.  A  part  of  the  section  illustrated  in  A  {X  1,000),  showing  the  nature  of 
the  constituents  in  detail.  Spore-exines  are  in  white,  humic  matter  and  an- 
thraxylon  in  gray,  and  carbonaceous  and  earthy  matter  in  black.  The  remains 
of  the  cell  structure  in  the  anthraxylon  chip  in  the  lower  part  are  shown  by 
striations. 

PLATE  XC. 

THIN  VERTICAL  SECTIONS. 

A.  and  B.  Parts  of  thin  sections  of  coal  from  the  Hart-Williams  mine 
(X  1,000),  showing  the  nature  of  the  humic  matter,  carbonaceous  matter,  and 
the  types  of  spore-exines  found  in  this  coal.  Three  types  may  easily  be  ob- 
served. 

PLATE  XCI. 

THIN  VERTICAL  SECTION. 

A.  A  thin  vertical  section  of  a  larger  anthraxylon  component  of  the  Hart- 
Williams  coal.  At  a  lower  magnification  this  component  appeared  perfectly 
homogeneous,  but  at  the  magnification  shown  remaining  cell  structure  is  dis- 
tinctly seen. 

B,  A  cross  section  of  coal  from  the  mine  of  the  Benton  Ck)al  Co.,  showing 
its  general  appearance.  The  anthraxylon  strips,  2-a,  4-a,  and  6-a,  are  compact 
and  vitreous  and  reveal  hardly  any  structure  in  cross  section.  In  horizontal 
sections,  however,  the  cell  structure  is  clearly  seen.  The  attritus  consists  of 
humic  matter,  some  spore-exines,  a  little  carbonaceous  and  earthy  matter  and 
much  resinous  matter. 

PLATE  XCII. 

THIN  VERTICAL  SECTIONS. 

A.  A  thin  cross  section  of  the  coal  from  the  Zeigler  mine/Zeigler,  III,  show- 
ing the  character  of  a  larger  anthraxylon  component  or  bright  coal,  in  cross 
section.  The  cell  structure  has  been  largely  obliterated  but  is  still  recognizable ; 
the  fibers  have  been  much  flattened  and  intimately  united.  The  piece  is  resi- 
nous, but  the  resinous  Inclusions  are  not  well  shown  because  in  color  and 
consistency  they  are  much  like  the  enveloping  anthraxylon  matter. 

B.  A  typical  thin  cross  section  ( X200)  of  the  Zeigler  coal.  The  striations 
in  the  anthraxylon  strip,  1-a  are  due  to  collapsed  and  intimately  united  cells. 
The  remainder  of  the  photograph  represents  a  layer  composed  of  many  leaf 
cuticles,  the  residue  of  leaf  tissues,  spore  matter,  resinous  and  humic  matter, 
and  a  tissue  of  a  cork-like  nature,  particularly  well  represented  at  3-d;  a 
similar  tissue  is  shown  at  a  higher  magnification  in  Plate  GX,  B. 
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PLATE  XCIII. 

THIN   VERTICAL  SECTIONS. 

A.  A  thin  cross  section  of  the  Zeigler  coal,  representing  strips  of  anthraxylon. 
The  strip  3-a  is  of  the  common  type,  in  which  the  cells  are  much  flattened  and 
intimately  united.  1-a  is  gnarly  and  granular  and  includes  very  large  resinous 
particles. 

B,  A  thin  cross  section  of  the  Zeigler  coal,  showing  at  1-a  part  of  a  decidedly 
homogeneous  anthraxylon  component  in  which  cell  structures  are  obscured. 
The  presence  of  the  structures  can  be  demonstrated  by  various  methods  of 
illumination.  The  area  2-d  to  4-d  is  composed  of  thin  anthraxylon  strips  in 
which  cell  structures  are  clearly  visible,  containing  a  relatively  large  proportion 
of  the  cork-like  tissue,  other  humlc  matter,  and  spore-exines. 

PLATE  XCIV. 

THIN  VERTICAL  SECTIONS. 

A.  A  typical  thin  cross  section  ( X200)  of  the  Zeigler  coal.  1-d  is  a  row  of 
spore-exines;  2-a  is  a  lamina  of  closely  packed  anthraxylon  chips,  homogene- 
ous in  appearance,  in  which  the  original  cells  may  be  recognized.  At  3-d  is  a 
thin,  light-colored  lamina  of  spore-exines,  and  at  4-d  to  6-d  a  lamina  com- 
posed of  cork-like  tissue,  resinous  degradation  matter,  leaf  cuticles,  and  humlc 
matter. 

« 

B.  A  thin  cross  section  (X200)  of  the  Zeigler  coal,  showing  the  general 
nature  of  certain  laminae  of  the  coal.  At  l-d  is  a  thin  lamina  composed  of 
humlc  matter,  spore-exines,  and  some  of  the  cork-like  tissues ;  just  below  this,  at 
2-c,  are  several  cuticles  and  some  spore-exines ;'  at  2-a  are  anthraxylon  strips. 
This  is  shown  at  higher  magnification  in  Plate  XGVI,  A  and  B.  The  remainder 
of  the  photograph  shows  attritus  containing  resinous  matter,  anthraxylon  strips, 
humlc  matter,  cuticles,  and  spore-exines.  Notice  the  unusually  small  amount  of 
carbonaceous  matter.  • 

PLATE  XCV. 

THIN*   VERTICAL   SECTIONS. 

A.  Part  of  the  section  shown  in  Plate  XCIA',  B  (X  1,000),  taken  from  the 
middle  of  level  1-d,  and  showing  spore-exines.  humlc  matter,  cork-like  tissue, 
cuticles,  and  resinous  particles  in  detail. 

B.  Part  of  the  section  shown  in  Plate  XCIV,  B,  taken  from  the  level  6-d. 
(X1,000.) 

PLATE  XCVI. 

THIN    VERTICAL   SECTIONS. 

A.  Part  of  an  area  Just  outside  of  Plate  XCIV,  B  (X  1,000),  representing  a 
humic  lamina  including  several  spore-exines  and  delicate  cutlcular  matter. 

B,  Part  of  the  same  area  (X  1,000).  representing  humlc  matter  includ- 
ing several  characteristic  thick  walled  spore-exines,  thin-walled  exines,  and 
cutlcular  matter. 
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A.  THIN  VERTICAL  SECTION  OF  COAL  FROM  THE  HART-WILLIAMS  MINE.     (X  aOO) 


t    ABOVE.     (X  1000) 


A.  PART  OF  A  THIN  VERl 


VING  STRIPS  OF 


B.    THIM    VERTICAL    SECTION     OF    ZEIGLER    COAL,    SHOWING    ANTHRAXYLON 


i.B.  FROM  THE  LEVEL 


ftUREkU  OP  MINI 


■*.  PART  OF 


r   OF  THE  SAME   AREA    REFERRED   TO   ABOVE.     (X  1000) 


PLATE  XCVII. 

THIN  VERTICAL  SECTION. 

A,  A  thin  cross  section  of  the  Zeigler  coal  (X200)  representing  a  layer  of 
humic  attrltus.  1-d  is  a  resinous  humic  lamina ;  at  2-sp  are  a  number  of  closely 
packed  spore-ex ines ;  at  3-^1  :s  a  lamina  composed  of  resinous-appearing  humic 
matter  and  thick-walled  spore-exines. 

B.  A  part  of  the  lamina  3-d  in  A  ( X  1,000),  showing  the  thick-walled  spore- 
exines,  humic  matter,  light  thin-walled  tissues  and  resinous  matter. 


PLATE  XCVIII. 

THIN  VERTICAL  SECTION. 

A.  A  thin  cross  section  (X200)  of  a  layer  of  coal  of  an  Illinois  coal  com- 
posed largely  of  cuticles  and  other  degradation  products  of  leaves,  similar  to 
that  shown  in  Plate  XXIY,  A.  The  cuticles  form  irregular,  somewhat  saw- 
edged,  narrow  white  bands;  the  degradation  matter  derived  from  the  leaf 
tissues  form  mottled  bands  between  the  cuticles. 

B.  Thin  cross  section  (X200)  of  a  layer  of  an  Illinois  coal  similar  to  that 
shown  in  A  showing  pairs  of  cuticles,  that  is,  the  upper  and  the  lower  cuticles, 
closely  united  with  no  attritus  between. 

PLATE  XCIX. 

THIN    HORIZONTAL  SECTIONS. 

A»  A  thin  horizontal  section  of  the  Zeigler  coal  (X150),  showing  the 
general  appearance  of  the  coal  in  horizontal  section.  The  part  of  the  section 
represented  shows  a  slice  of  anthraxylon  partly  covering  the  attritus.  The 
small  oval  and  circular,  whitish  particles  represent  spore  and  pollen  exines. 
The  anthraxylon,  in  which  the  wood  fibers  are  recognizable,  is  shaded  gray, 
the  carbonaceous  matter,  black. 

B.  Another  thin  horizontal  section  of  the  Zeigler  coal  (X150),  showing 
anthraxylon  matter  in  which  the  remaining  wood  fibers  are  distinctly  seen; 
separate  fibers  are  shown  in  the  attritus  in  the  central  and  upper  parts  of  the 
photograph. 

PLATE  C. 

THIN  VERTICAL  SECTIONS. 

• 

A,  A  thin  cross  section  of  the  coal  from  Sesser,  111.  (XIO).  1-d,  2-d,  and 
4r-d  represent  the  "  dull  coal,"  and  3-a  a  strip  of  "  bright  coal "  or  anthraxylon. 
As  in  other  coals  the  "  dull  coal "  is  composed  of  thin  anthraxylon  sheets  or 
strips  embedded  in  attritus.  The  fine  white  specks  represent  chiefly  microspore- 
exlnes,  and  the  short  thick  white  lines  represent  megaspore-exines. 

B,  A  part  of  the  section  shown  in  A  ( X200).    At  3-a  is  one  of  the  thin  strips 

of  anthraxylon  embedded  in  the  attritus  2-d  in  A,  showing  resinous  contents 

and   also  the  remaining  cell  structure;   1-d  is  attritus  composed  mostly  of 

thin  walled  tissues,  including  cuticular  matter;   at  2-sp  is  a  row  of  large 

thin- walled  spore-exlnes ;  at  4-a  is  a  part  of  a  cuticle.     In  the  carbonaceous 

lamina  5-d  is  a  fragment  of  a  megaspore-exine. 
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PLATE  CI. 

THIN   VERnCAL  SECTIONS. 

A.  Part  of  a  cross  section  of  "  bright  coal "  or  larger  antbraxylon  com- 
ponent (X200),  representing  a  type  of  woody  tissue  found  In  all  the  coals  ex- 
amined. The  section  here  represented  Is  from  the  "  bright  coal "  shown  at 
2-a  in  Plate  XXIV,  B.  A  similar  structure  is  also  shown  In  Plate  CXIV,  A, 
of  the  Shelbyvllle  coal  and  in  Plate  LIX,  B,  of  the  Pittsburgh  coal. 

B.  A  more  highly  magnifled  portion  of  the  section  shown  in  A  (XIOOO). 
The  tissue  shows  bands  similar  to  those  of  the  annual  growth. rings  of  Itvlng 
plants.     Small  thick-walled  cell  fibers  are  visible. 


PLATE  CII. 

THIN   \'ERTICAL   SECTIONS. 

A,  The  large,  relatively  thin- walled  and  resin-filled  area  of  the  section 
shown  in  Plate  CI,  A,  (XIOOO).    See  also  Plate  CXIV,  A  and  B. 

B.  A  cross  section  of  another  strip  of  "  bright  coal,"  or  anthraxylon  ( X200). 
This  type  of  structure  is  abundant  in  the  Paleozoic  coals  examined,  and  the 
state  of  preservation  is  common. 


PLATE  CIIL 

THIN   VERTICAL   SECTIONS. 

A.  A  thin  cross  section  of  the  coal  from  Sesser,  111.  (X200),  from  an 
anthraxylous  section  with  a  resinous  attrltus  at  1-d.  The  resinous  matter  is 
peculiar  and  not  like  resinous  particles  in  other  coals.  The  humic  part  is 
composed  of  a  number  of  chips.  At  3-t  and  5~t  are  shown  peculiar  tissues 
often  found  in  these  coals. 

B.  A  thin  cross  section  of  the  Sesser  coal  (X200),  showing  the 'angular  and 
irregular  reslnous-nppearing  particles  common  in  this  coal. 

PLATE  CIV. 

THIN  VERTICAL  SECTIONS. 

A.  Another  characteristic  appearance  in  cross  section  of  the  Sesser  coal. 
(X200.)    The  humlc  matter  is  relatively  large  and  is  coarsely  disintegrated. 

B.  A  part  of  the  same  section  shown  in  A.  (X  1,000.)  The  thick-walled 
spore-exines  predominant  in  this  coal  and  found  in  all  the  coals  of  vein  No.  6  are 
shown  in  cross  section,  embedded  in  humic  matter. 

212 


BUnlAO  or  MINE*  fiULLITIH  III     PLATC  XOVII 


3-D.  SHOWN  ABOVE.     (X  1000) 


BUREAU  OP  MINE* 


B.  ANOTHER   THIN   SECTION    OF   THE   ZEIGLER   COAL,   SHOWS   ANTHRAXYLOM 


A.  THIN    VERTICAL   SECTION    OF   THE   COAL   FROM    SESSER, 


:tion  sh'own  above. 


'   SHOWN   IN    PLATE   X 


r   OF   THE   SECTION    SHOWN    ABOVE.     (X  1000) 


A.   ANOTHER  PART  OF  THE  SECTION  SHOWN  IJ 


VERTICAL   SECTION    OF   ANTHRAXYLON.     <X  200) 


i.  THIN    VERTICAL   SECTION    OF   ANTHRAXYLOUS    MATERIAL    IN    COAL  FROM 


a.  SECTION    OF    SESSER    COAL,    SHOWING    RESINOUS-APPEARING    PARTICLES. 

(Xioo) 
1Z5&86-— so— Bull.   IIT IS  319 


A.  THIN   CROSS 


PLATE  CV. 

THIN  VERTICAL  SECTIONS. 

A.  A  cross  section  of  the  SesSer  coal  (X  1,000),  showing  in  detail  the  ap- 
pearance of  the  thick-walled  spore-exlnes  characteristic  of  these  coals,  other 
spore-exines,  and  the  humic  matter  embedding  them. 

B.  A  cross  section  of  the  Zeigler  coal  (Xl/)00)  from  the  section  shown  in 
Plate  XGIV,  By  to  be  compared  with  A,  showing  the  similarity  of  the  constitu- 
ents, x>Articularly  the  thick- walled  spore-exines. 


PLATE  CVI. 

THIN  VERTICAL  SECTIONS. 

A,  A  thin  cross  section  (  XIO),  of  the  Royalton  coal,  photographed  by  means 
of  transmitteil  light,  showing,  so  far  as  they  can  be  shown  in  a  small  section, 
the  structure,  the  proportion  of  anthraxylons  matter  to  attritus,  and  the  rela- 
tive thickness  of  the  anthraxylon  chips.  The  gray  striae  are  the  thin  aa- 
thraxylon  chips  and  the  darker  striae  the  attritus  in  which  the  former  are 
embedded.  At  3-<l  the  attritus  is  rich  in  carbonaceous  matter.  At  4-a  the 
anthraxylons  matter  forms  a  solid  mass,  although  composed  of  numerous  thin 
chips. 

B.  A  portion  of  the  section  shown  in  A  (X200),  showing  the  components 
in  detail.  At  1-d  is  seen  a  humic-resinous  layer;  at  2-d,  a  layer  containing 
humic,  resinous,  and  cuticular  matter,  including  spore-exlnes ;  at  3-d  are 
shown  numerous  thin  humic  or  anthraxylons  strips;  at  4-a  is  a  tissue,  the 
original  cell  structure  of  which  is  particularly  well  preserved. 


PLATE  CVII. 

THIN    VERTICAL    SECTIONS. 

A,  A  thin  cross  section  of  "  bright  coal "  or  anthraxylon  of  the  Royalton 
coal  (X200),  showing  the  well-preserved  wood  structure.  Such  state  of  pres- 
ervation is  common  and  the  type  of  tissue  is  prominent  in  this  coal. 

B,  A  thin  section  of  another  anthraxylon  component  of  the  same  coal. 
(X200.)  The  cell-fiber  walls  seemingly  have  not  lost  much  of  their  original 
mass,  but  the  walls  have  been  iiressed  together. 


PLATE  CVIII. 

THIN    VERTICAL    SECTIONS. 

A.  A  thin  cross  section  through  the  "  dull "  coal  of  the  Royalton  coal  ( X200), 
containing  a  relatively  large  number  of  spore-exines,  embedded  in  an  attritus 
at  2-d,  rich  in  carbonaceous  matter  and  at  3-d,  rich  in  humic  matter;  the  an- 
thraxylon   matter    at   4-a    consists    of    many    very    thin    strips. 

B.  A  part  of  the  section  shown  in  A  (X  1,000),  showing  the  constituents  in 
detail. 
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PLATE  CIX. 

THIN    VERTICAL   SECTIONS. 

A.  Another  typical  view  of  the  "dull  coal*'  of  the  Royalton  coal.  (X2QD.) 
The  attritus  Is  rich  in  carbonaceous  matter.  At  2-a  are  anthraxylon  strips 
separated  by  dark  earthy  matter. 

B,  A  portion  of  the  section  shown  in  the  central  part  of  A.  (X  1,000.) 
The  original  cell  structure  of  the  anthraxylon  chips  is  revealed  in  the  strlie 
seen  at  a  high  magnification. 


PLATE  ex. 

THIN    VERTICAL   SECTIONS. 

A.  A  thin  cross  section  of  the  Royalton  coal  (X200),  showing  the  similarity 
of  constituents  of  this  and  the  Zeigler  coal.  At  2-d  is  shown  much  humic,  spore 
rnd  cuticular  matter;  at  3-d  is  shown  the  irregularly  folded  cork-like  tissue 
also  characteristic  of  the  Zeigler  and  Benton  coals. 

B.  A  part  of  the  section  shown  in  A  at  the  level  S-d  (X  1,000),  showing  the 
nature  of  the  light  colored  tissue  in  detail. 


PLATE  CXL 

SPORE-EXINES  WITH  HEAVY  SPINES. 

A.  A  more  highly  nmgnified  portion  of  the  horizontal  section  of  the  coal 
from  Zeigler,  111.,  shown  In  Plate  XCIX,  A  (X  1,000),  showing  an  attritus 
rich  In  carbonaceous  matter  and  a  peculiar  type  of  spore-exlne  embedded  in  it. 

B,  A  spore-exine  (X  1,000)  Isolated  from  the  coal  from  the  Hart-Williams 
mine,  with  relatively  thick,  long,  blunt  spines,  similar  to  the  one  shown  In  A 


PLATE  CXII. 

SPORE-EXINES  AT  HIGH  MAGNIFICATIONS. 

1.  A  relatively  large  spore-exlne  (X  1,000)  isolated  from  the  Royalton  coal, 
having  a  reticulated  scnlpturetl  surface. 

2.  A  relatively  small  spore-exlne  (X  1,000)  Isolated  from  the  coals  of  vein 
No.  6.    Very  minute  spines  are  arranged  regularly  over  the  surface. 

3.  A  spore-exlne  very  similar  to  that  shown  in  photograph  2. 

4.  A  spore  (X200)  Isolated  from  the  Hart-Wllllams  coal,  but  found  In  all 
the  coals  of  this  group. 

6.  Another  spore-exlne  (X200)  isolated  from  the  Hart- Williams  coal,  but 
also  present  In  the  other  coals  of  this  group. 

6.  A  spore-exlne  (X200)  Isolated  from  the  Royalton  coal. 

7.  A  spore-exlne  ( X  1,000)  Isolated  from  the  Sesser  coal ;  It  Is  predominant  in 
the  Sesser  coal,  but  is  characteristic  of  the  whole  group.  The  exine  is  shown  in 
cross  section  in  Plate  LXXXIX,  B;  Plate  XC,  A  and  B;  Plate  XCVI,  B;  Plate 
XCVII,  B;  Plate  CIV,  B;  Plate  CV,  A  and  B;  and  Plate  CVIII. 

222 


ViNG  APPEARANCE 


,   SHOWING   SPORE- 


•URCAU  OP  MINEt  euLLiriN  IIT    PLAJte 


BUNBAU  of  MINt* 


B.   PART   OF   THE   SECTION    SHOWN    ABOVE.     <X  1000) 


■■DULL  COAL"   IN 


B.  PART   OF   SECTION   SHOWN   ABOVE.     (X  1000) 


'   OF   SECTION    SHOWN    ABOVE.     (X  1000) 


it.  SPORE-EXINE    FROM   THE   COAL    FROM    ZEIGLER.   ILL.     (X  1000) 
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SPORE-EXINES   AT    HIGH    MAGNI 


PLATE  CXIII. 


CUnCLE  AND  SPORE-EXINE. 


A.  One*  of  the  cuticles  abundant  in  tlie  coal  of  the  No.  6  bed,  Illinois. 
(XIOO.) 

B,  The  predominant  exine  of  the  Shelbyville  coal  (X  1,000)  shown  on  its 
flat  of  broad  side  and  isolated.  The  dark  'area  in  the  centre  represents  the 
spore  proper ;  the  broad  zone  surrounding  it  perhaps  functioned  as  a  wing. 


PLATE  CXIV. 

THIN    VERTICAL   SECTIONS. 

A.  A  thin  cross  section  of  the  coal  from  S-helbyville,  111.  (X200),  showing 
a  part  of  a  thicker  anthraxylon  component  of  the  type  of  tissue  found  in  all 
the  coals  examined.  This  tissue  is  similar  to  that  in  the  annual  growth  rings 
of  recent  trees.    See  also  Plate  CI,  A  and  B;  Plate  CII,  A;  and  Plate  LIX. 

B.  A  more  highly  magnified  portion  of  the  tissue  shown  in  A,  (X  1,000.) 
The  resinous  matter  is  present  in  most  of  the  thin-walled  cells  and  is  absent 
or  almost  absent  in  the  thick-walled  cells. 


plate;  cxv. 

THIN    VERTICAL   SECTIONS. 

A,  A  thin  cross  section  (X200)  showing  the  general  appearance  of  the 
••  dull  coal,"  of  the  coal  from  Shelbyville,  111.  The  band  at  2-r  has  a  resinous 
appearance  and  is  common  in  this  coal.  Small  anthraxylon  strips  are  seen 
at  a-d  to  4-d. 

B.  A  part  of  the  section  shown  in  A,  (X  1,000.)  Note  the  appearance  of 
the  spore-exines  in  cross  section. 


PLATE  CXVI. 

THIN    VERTICAL   SECTIONS. 

A.  Part  of  another  typical  cross  section  of  the  Shelbyville  coal,  showing 
many  relatively  large  spore-exines,  much  disintegrated  humic  matter,  and  some 
humic  or  anthraxylon  matter  in  strips.  * 

B.  A  part  of  the  section  shown  in  A  (X  1,000),  showing  the  constituents 
in  detail. 
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PLATE  CXVII. 

8PORE-EXINES  AND  POLLEN  GRAIN  FROM  THE  SHELBYVILLE  GOAL. 

1.  An  isolated  spore-exine  ( X200)  from  the  Shelby ville  coal.  Various 
authors  have  uieutioneil  a  si)ore  much  like  this,  as  that  of  a  Spencerite.  The 
outer  band  represents  a  wing  of  the  spore  and  the  inner  area  the  spore  proper. 
Small  numbers  of  this  spore  have  been  found  in  all  the  coals  examined. 

2.  A  smaller  tjrpe  of  spore-exine  (X  1,000),  predominant  In  the  ShelbyvUle 
coal. 

3.  A  pollen  grain  (X  1,000)  isolated  from  the  Shelby viUe  coal«  of  the  same 
type  as  found  In  ail  the  coals  examined. 


PLATE  CXVIII. 

MEOA8PORE-EXINE8  FROM  THE  SHELBYVILLE  COAL. 

.4.  One  of  the  larger  nft^gasiwre-exines  (X35)  isolated  from  the  Shelby- 
vllle  coal.  These  spore-exines  measure  2  to  3  mm.  across  the  disk  In  their 
liattene<i  condition.  Tliey  are  predominant  in  the  Shelbyville  coal,  but  are 
also  found  In  large  numbers  In  the  Buxton  coal  and  occasionally  in  the  Pitts- 
burgh coal. 

B,  A  number  of  the  snfaller  megaspore-exlnes  ( X35)  common  in  the  Shel- 
byville coal.  These  spores  have  three  blunt  wings  or  air  sacks,  r^resented 
by  the  tongue-like  processes.  Compare  these  spores  with  those  from  the  Bux- 
ton coal  shown  in  Plate  CXXX,  A  and  B,  and  Plate  CXXXI,  1  to  4. 


PLATE  CXIX. 

MEOASPORE-SXINES. 

A,  A  group  of  three  megaspore-exines  (X35)  of  the  same  type  as  shown 
in  Plate  CXVIII,  A,  isolated  from  the  coal. 

B.  A  thin  cross  section  (X35)  of  the  Shelbyville  coal  showing  the  same 
type  of  megaspore-exine,  in  cross  section,  in  situ.  Note  the  relative  thickness 
and  the  blunt  air  sacks  or  appendages. 

PLATE  CXX. 

LEAF  TISSUES  FROM  THE  SHELBl^'ILLE  COAL. 

Thin  cross  se<*tion  of  Shelbyville  coal  containing  leaf  tissues.  1-c,  a  mass  of 
closely  packed  cuticles ;  2-a  to  3-pl,  part  of  a  leaf ;  4-c  to  9-c,  part  of  another 
leaf;  2-pa,  leaf  parenchyma;  3-pl,  palisade  cells;  4-c,  upper  cuticle;  5-h, 
hypo<lermal  tissue;  6-p,  palisade  cells;  7-pa,  leaf  parenchyma;  8-b,  lower  hy- 
poderman  tissue  containing  stomata;  9-c,  lower  cuticle  (compare  with  PL  IX, 
A) ;  10-d,  anthraxylous  debris. 
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BUftlAU  OF  MINI* 


..  CUTICLE    FROM 


B.  SPORE-EXINE    IN   COAL    FROM    SHELBYVIL 


A,  THIN    VERTICAL   SECTION    OF   COAL   FROM    SHELBYVILLE,  ILl 


SHOWN    ABOVE.     (X  1000) 


A.  ANOTHER  TYPICAL  CROSS   SECTION   OF  THE   SHELBYVILLE  COAL.     (X  SCO) 


■ART   OF   THE   SECTION    SHOWN    ABOVE.     (X  1000) 


SPORE-EXINES    FROM   THE   COAL   FROM    SHEL8VVII.LE,   I 


A.   MEGASPORE-EXINE   IN   THE   COAL   FROM   SHELBYVILLE,    ILL.     (X  35) 


B.  SOME  OF  THE  SMALLER  MEQASPORE-EXINES  IN  THE  SHELBYVILLE  COAL.     (X  15) 


BUREAU  OP  MINM 


A.  THREE  Ml 


PLATE  CXXI. 

THIN   AND  THICK   VERTICAL  SECTIONS. 

A,  A  cross  section  of  the  coal  from  Buxton,  Iowa,  showing  the  general 
lamination  of  the  coal,  ratio  of  constituents  and  general  appearance  at  n  low 
magnification  (XIO),  photographed  hy  means  of  transmitted  light.  The  lamina 
at  1-<1  is  attrltus  in  which  are  lodged  thin  anthraxylon  strips.  The  lenticular 
white  areas,  2-s,  represent  masses  of  intimately  united  and  closely  packed 
spore-exines,  the  remnants  of  sporangia  filled  with  spores,  embedded  in  the 
attritus.  (See  Pis.  CXXXIII  and  CXXXIV.)  The  strip  at  a-a  is  anthraxylon 
partly  split.  The  lamina  at  4-d  represents  attritus  rich  in  spore-exlnes.in  which 
are  also  a  number  of  megaspore-exines  and  a  thick  cuticle,  5-c ;  at  6-d  is  a  car-^ 
bonaceous  inclusion,  and  at  7-a  (see  B)  Is  part  of  a  thicker  anthraxylon  com- 
ponent 

B,  The  mirror  image  of  A^  prepared  by  means  of  reflected  light  from  the 
same  surface  before  it  was  ground  into  a  thin  section.  The  features  and  the 
lettering  are  the  same. 

PLATE  CXXII. 

THICK   VERTICAL   SECTION   AND   HORIZONTAL   CLEAVAGE   SURFACE. 

A,  An  opaque  surface  from  the  Buxton  coal  (XIO)  photographed  by  means 
of  reflected  light.  The  dark  strip  1-a,  is  anthraxylon ;  below  this  is  a  "  dull 
coal,"  consisting  at  2-d  of  some  humic  matter,  some  megaspore-exines,  a  few 
leaf  cuticles,  and  a  considerable  amount  of  carbonaceous  matter,  but  chiefly 
of  spore-exines.  At  3-d  are  embedded  large  carbonaceous  particles;  at  4-d 
are  sporangia  and  a  large  proportion  of  carbonaceous  matter,  some  cuticles, 
humic  matter,  and  spore-exines;  at  5-d  is  a  carbonaceous  debris  containing 
fine  chips  of  anthraxylous  matter. 

B,  Horizontal  cleavage  surface  of  a  small  block  of  the  Bnxton  coal,  show- 
ing the  woody  patches,  structureless  areas  and  the  general  appearance  of  the 
cleavage  surface  of  the  coal.  The  two  woody  patches  in  the  upper  part  rep- 
resent bits  of  charcoal. 

PLATE  CXXIII. 

HORIZONTAL    CLEAVAGE    SURFACE. 

Part  of  a  horizontal  cleavage  surface  ( X5)  of  Buxton  coal  containing  a  large 
number  of  woody  patches.  Although  the  decay  of  woody  matter  seems  to  have 
been  far  advance<l  before  coaliflcatlon,  the  wood  fibers  are  still  distinct.  These 
woody  patches  represent,  as  in  other  coals,  thin  anthraxylon  components  and  are 
not  merely  Impressions. 

PLATE  CXXIV. 

THIN  VERTICAL  SECTIONS. 

A,  A  thin  cross  section  (X200)  of  the  Buxton  coal,  showing  the  general 
nature  and  appearance  at  a  high  magnification.  At  4-c  Is  a  cuticle,  common 
In  this  coal.  The  dull  coal  consists  of  irregular  anthraxylon  chips,  shown  as 
gray  fibrous  strips,  and  of  disintegrated  and  finely-divided  humlc  matter,  rela- 
tively few  spore-exlnes,  some  carbonaceous  matter,  earthy  matter,  and  iron 
pyrite  nodules. 

B.  A  thin  cross  section  (X2(X))  typical  of  the  Buxton  coal.  1-a  represents 
a  common  appearance  of  the  anthraxylon;  the  attritus  at  2-<l  Is  rich  in  car- 
bonaceous and  earthy  matter,  including  spore-exines  as  well  as  some  resinous 
matter ;  the  tissue  at  3-sp  Is  frequently  found  in  this  coal  and  represents  a  part 
of  a  sporangium,  similar  structures  are  found  in  other  coals.    Compare  with 

Plate  LX  of  the  Pittsburgh  seam,  and  Plate  CXXXIII,  A  and  B. 
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PLATE  CXXV. 

THIN  VERTICAL  SECTIONS. 

V 

A,  A  thin  cross  section  of  the  Buxton  coal  ( X200),  representing  a  resinous- 
carbonaceous  attritus  containing  some  liuniic  and  spore  matter. 

B,  A  thin  cross  section  of  the  Buxton  coal  (X200),  showing  another  ap- 
pearance characteristic  of  this  coal.  1-d  is  a  lamina  of  attritus  rich  in  car- 
bonaceous matter:  2-a  is  a  thin  strip  of  authraxylon;  3-d  is  humic  attritus  rich 
in  earthy  and  carbonaceous  matter,  4-d  is  particularly  rich  in  such  matter;  5-a 
represents  a  strip  of  anthraxylon  with  characteristic  resinous  inclusions. 


PLATE  CXXVI. 

THIN  VERTICAL  SECTIONS. 

A.  A  thin  cross  section  of  the  Buxton  coal  (X200),  showing  compilation  of 
thin  irregular  anthraxylon  strips.  At  1-a  is  part  of  a  large  anthraxylon  com- 
ponent. 

B,  A  thin  cross  section  of  the  Buxton  coal  (X200),  showing  a  lamina  with 
characteristic  sheets  of  resinous  matter  at  2-d  and  5-d.  The  irregular  black 
blotches  represent  pyrlte  granules,  such  as  are  scattered  throughout  this  coal. 


PLATE  CXXVII. 

THIN  VERTICAL  SECTIONS. 

A.  A  thin  cross  section  of  the  Buxton  coal  (X200)  shows  a  lamina  rich  in 
spore-exlnes,  earthy  matter,  and  carbonaceous  matter  and  containing  very 
little  humic  matter.  The  area  shown  is  just  below  the  sporangium  shown  In 
Plates  CXXXIII  and  CXXXIV.* 

B.  A  part  of  the  section  in  A  (X  1,000).  showing  the  spore-exlnes  in  detail 
in  cross  section.  The  carbonaceous  matter  was  too  opaque  to  be  brou^t  out 
in  detail.    The  humic  matter  is  shown  in  gray. 


PLATE  CXXVIIl. 

THIN    HORIZONTAL    SECTIONS. 

A.  General  appearance  of  the  Buxton  coal  in  horizontal  section.  (X200.) 
The  larger  part  of  the  photograph  represents  a  thin  slice  of  an  anthraxylon 
chip,  with  relatively  large,  poorly  preserved  cells. 

B,  Another  thin  horizontal  section  (X200),  showing  humic  matter  In  the 
lower  part  containing  relatively  slender  wood  fibers,  and  attritus  in  the  upper 
part  composed  of  humic  matter,  spore-exlnes,  carbonaceous  matter,  and  iron- 
pyrlte  granules. 
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p  PLATS  exxi 


4   VERTICAL  SECTION  OF  T 


•ULLeriN  iir   plats  oxxii 


RIZONTAL   CLEAVAGE   SURFACE   OF   COAL    FROM    BUXTON,   IOWA. 


HORIZONTAL   CLEAVAGE   S 


VERTICAL   SECTION,  TYPICAL   OF   THE    BUXTON    COAL.     (X  300) 


B.   PART   OF   SECTION   SHOWN    ABOVE.     (X  10001 


PLATE  CXXIX. 

THIN   HORIZONTAIi  SBCTIONB. 

A.  A  thin  horizontal  section  of  the  Buxton  coal  (X200)  showing  attritns 
composed  of  pollen  grains,  spore-exines,  humic  matter,  and  carbonaceous 
matter. 

B.  A  part  of  the  area  of  the  horizontal  section  shown  in  A  ( X1»000),  show- 
ing the  constituents  in  detail,  and  the  granular  loose  structure  of  the  matrix. 


PLATE  CXXX. 

MEGASPORE-EXINES    WITH    AIR    SACKS. 

A,  Isolated  megaspores  (X35)  of  the  smaller  type  found  in  the  Buxton 
coal.  The  lips  or  tongues  represent  what  Is  left  of  large  air  sacks.  The  same 
q;K>res  are  seen  in  cross  section  in  Plate  GXXXI,  1  to  4.  Compare  with  the 
spores  from  the  ShelbyviUe  coal,  Plate  CX VIII,  B,  and  Plate  CXIX,  A  and  B. 

B.  Isolated  mega  spores  ( X35)  as  shown  in  A.  The  tongues  of  the  one  in  the 
upper  right-hand  corner  appear  about  half  of  the  length  they  had  when  em- 
bedded in  the  coal,  having  been  broken  during  the  removal  of  the  spore  from 

Jiie  coaL 

PLATE  CXXXI. 

CROSS    SECTIONS   OF    MEGASPORES    WITH    AIR    SACKS. 

Cross  sections  of  several  of  the  megaspore-exlnes  (X40)  of  the  type  shown 
in  Plate  CXXX,  A  and  By  still  embedded  in  the  coal.  The  cross  section  of  one 
of  the  air  sacks  or  wings  is  well  shown  in  2. 


PLATE  CXXXIL 

SPORES   COVERED   WITH    RAMENTA. 

L    Cross  section  of  a  spore-exine  of  another  type  (X40)  in  the  Buxton  coal. 
Tills  exine  is  covered  with  ramenta  now  flattened  horizontally. 
2.    Left  end  portion  of  the  same  exine.     (  X200.) 
8.    Right  end  of  the  same  exine.     (X200.) 
4.    End  of  another  si)ore-exine  of  the  same  type.     (X200.) 
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PLATE  CXXXIII. 

Sl^RANGIUM. 

A.  A  part  of  one  of  the  sporangia  ( X200)  shown  in  Plate  GXXI,  A  and  B,  of 
the  Buxton  coal.  On  the  left  side  is  the  attritus,  and  on  the  right  side  a  small 
portion  of  the  sporangium  inclosing  spores,  sp.  The  sporangium  wall,  w,  juts 
into  the  attritus ;  on  the  outside  of  the  sporangium  wall  is  the  cuticle,  c,  cover- 
ing it;  on  the  inside  is  a  mass  of  six>res  In  white,  sp.  not  well  differentiated, 
but  shown  in  detail  in  Plate  CXXXIV,  B.  In  several  photographs  parts  of 
tissue  have  been  shown  similar  to  the  part  of  the  sporangium  wall  Jutting  into 
the  attritus  in  the  lower  left  part  of  the  photograph;  as  in  Plate  CXXIV,  B, 
of  the  Buxton  coal  and  Plate  I-X,  .4,  of  the  Pittsburgh  coal. 

B,  Another  portion  of  the  sporangium,  shown  also  in  Plate  CXXI,  A  and  B 
{ X200) ;  the  spores  are  shown  at  1-sp;  the  sporangium  wall,  at  2-w;  and -the 
attritus,  at  3-d.    The  cuticle,  c,  covering  the  wall  is  faintly  seen  here. 


PLATE  CXXXIV. 

WALL  OF  SPORANGIUM  SHOWN  IN  PLATE  CXXXIII. 

A.  Part  of  the  siw)rangium  wall,  w,  of  the  sporangium  shown  in  Plate 
CXXXIII,  A.  ( X  1,000. )  The  white  portion  sp  is  the  mass  of  spores  much  over- 
exposcMl,  but  shown  in  detail  in  B,  The  cuticle,  c,  surrounding  the  sporangium 
wall,  w.  Is  clearly  shown ;  d  is  the  attritus. 

B.  The  spore-exine  mass  (X  1,000)  included  in  the  sporangium  wall  shoiiii 
in  A.  The  attritus  containing  the  same  type  of  spore-exines  Is  shown  in  Plate 
CXXVII,  A  and  B. 


PLATE  CXXXV. 

SPORES  PARTLY  COVERED  WITH  RAMENTA. 

1-6.  Thin  cross  sections,  showing  various  views  of  a  type  of  spore  found 
frequently  in  the  Buxton  coals  and  also  In  the  coals  of  No.  6  bed,  Illinois.  This 
spore  has  a  tuft  of  ramenta  attached,  now  much  disarranged  and  shortened. 


PLATE  CXXXVL 

SPORE-EXINES,   POLLEN   GRAIN,  AND  CUTICLE. 

1.  An  isolated  spore-exlne  of  the  type  predominating  in  the  Buxton  coal. 
(X  1,000.) 

2.  Isolated  pollen  grain  found  In  large  numbers  in  the  Buxton  coal. 

3  and  4.    Two  other  types  of  spore-exlnes   (X  1,000)   found  in  the  Buxton 
coal. 
5.    One  of  the  cuticles  of  the  Buxton  coal. 
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B.   PART   OF   THE   SECTION    SHOWN    ABOVE.     (X  1000) 


BULLtTIN  IIT     PLATI  OXXX 


CROSS   SECTIONS   OF    MEGASPORES   IN   COAL   FROM    BUXTON,   IOWA,     (X  40) 


SPORE-EXINES    IN   COAL   FROM    BUXTON,  IOWA. 


8URCAU  OF  MIN 


A.  PART   OF   A    SPORANGIUM    IN    THE   COAL 


.NOTHERPARTOFTHE  SAME  SPORANGIUM  AS  THAT  S 


■  UnBAU  OF  MINI 


A.  WALL   OF   SPORANGIUM    SHOWN    IN    PLATE   CXXXIII 


B.  SPORE-EXINE   MASS   IN   THE   SPORANGIUM    WALL  SHOWN   ABOVE 


'   cuAte  cxxxv 


SPORES  PARTLY  COVERED  WJTH  RAMENTA.  IN  THE  ILLINOIS  COALS. 


SPOREEXINES.    POLLEN   GRAIN.   AND   CUTICLE    IN   COAL   FROM   8UXTON.   IOWA. 


PLATE  CXXXVII. 

THIN  VERTICAL  SECTIONS  OF  THE  8IP8EY  COAL.. 

A,  A  thin  cross  section  of  coal  from  the  Sipsey  mine,  Ala.,  photographed 
by  means  of  transmitted  light  (XIO),  showing  the  general  appearance  of  the 
"dull  coal"  and  distribution  and  proportion  of  constituents.  The  anthraxylon 
strips  are  clearly  distinguishable.  Miscrospore-exines  are  represented  by  the 
small  white  specks,  the  megaspore-exines  by  the  longer,  narrow,  areas. 

B.  A  thin  cross  section  of  the  coal  from  the  Sipsey  mine.  (X200.)  The 
attritus  at  1-d  consists  largely  of  humic  matter  and  small  thin  anthraxylon 
strips,  considerable  carbonaceous  matter,  and  a  few  spore-exines ;  at  2-a  is 
a  light-colored  anthraxylon  chip  showing  cell  structure;  3-d  is  carbonaceous 
matter. 

PLATE  CXXXVIII. 

THIN  VERTICAL  SECTTIONS. 

A.  A  typical  thin  cross  section  of  the  Sipsey  coal.  ( X200.)  In  the  anthraxy- 
lon strip  at  1-a  the  cells  are  folded  and  contorted.  The  "  dull  coal,"  2-d  to  4-d, 
is  composed  of  an  attritus  relatively  rich  in  spore-exines,  little  humic  matter, 
and  some  carbonaceous  and  earthy  matter.  In  this  are  embedded  fragments 
of  anthraxylon,  plainly  showing  cell  structure.  Note  the  form  of  the  spore- 
exines. 

B,  A  typical  thin  cross  section  of  the  Sipsey  coal  (X200),  showing  an 
attritus  rich  in  spore-exines  and  including  a  number  of  thin  anthraxylon  strips, 
a.  The  large  majority  of  the  spore-exines  shown  in  all  the  photographs  of 
the  Sipsey  coal  are  clearly  of  the  Siime  type,  antl  differ  from  those  of  the 
other  coals  shown. 

PLATE  CXXXIX. 

THIN  \t:rtical  sections. 

A.  A  part  of  the  section  shown  in  Plate  CXXXVIII,  B  {  X  1,000),  containing 
a  larger  proportion  of  humic  matter  embedding  spore-exines.  The  form  of  the 
8|M)re-exines  shown  here  differs  from  the  predominant  exines  in  the  other  coals 
shown. 

B,  Another  part  of  the  same  section  (X  1,000),  showing  the  nature  of  the 
spore-exines  particularly  well,  also  the  nature  of  the  other  constituents. 


PLATE  CXL. 

THIN   HORIZONTAL   SECTIONS. 

A,  A  thin  horizontal  section  of  the  Sipsey  coal  (X200),  showing  a  portion 
of  a  tissue  in  which  the  cell  structure  is  remarkably  well  preserved. 

B.  A  part  of  the  area  shown  in  A  (X  1,000),  showing  the  cell  structure  in 
detail.  Notice  the  nuclei-like  structures  in  the  cells  containing  granules  that 
seem  to  be  chromosomes. 

261 


PLATE  CXLI. 

THIN   HORIZONTAL  SECTIONS. 

A.  A  horizontal  section  of  the  Sipsey  coal  ( X200),  showing  several  kinds  of 
tissues  in  which  the  cell  structure  Is  evident. 

B,  JL  view  of  one  of  the  predominant  spore-exines  (X  1,000)  isolated  from 
the  coal  of  the  Sii)sey  mine. 

PLATE   CXLII. 

VERTICAL  FRACTURE, 

A  vertical  fracture  of  the  Vandalia  coal  (X2),  showing  the  layering  of  that 
coal.  Notice  the  absence  of  thicker  anthraxylon  or  "  bright  coal,"  and  the  pres- 
ence of  a  large  number  of  thin  anthraxylon  strips  or  chips. 


PLATE  CXLIII. 

THIN  CROSS  SECTION  OF  THE  VANDALIA  COAL, 

A,  Thin  cross  section  of  the  Vandalia  coal  (XIO),  photographed  by  means 
of  transmitted  light,  showing  the  general  structure  of  the  coal  of  numerous 
thin  anthraxylon  chips  with  relatively  little  attritus  between.  The  anthraxylon 
is  represented  by  the  grayish  strips.  The  irregular  dark  areas  c  represent 
more  highly  carbonized  matter;  the  small  dark  dots  scattered  throughout  the 
section  represent  pyrlte  nodules. 

B.  Another  section  from  the  Vandalia  coal  prepared  in  a  similar  way  as  A. 
At  3-sp  are  a  number  of  megaspore-exlnes ;  at  4-c  some  carbonaceous  matter, 
and  at  2-at  a  layer  of  attritus  containing  a  larger  number  of  spore-exines. 
The  black  dots,  particularly  abundant  l>elow  6-d,  represent  pyrlte  nodules. 


PLATE  CXLIV. 

THIN  HORIZONTAL  SECTIONS, 

A  and  B,  Thin  horizontal  sections  of  the  Vandalia  coal,  prepared  byvmeans 
of  transmitted  light  (XIO).  The  anthraxylon  components  in  gray  appear  to  be 
homogeneous,  and  the  attritus  to  be  heterogeneous.  The  irregular  black  areas 
represent  bits  of  charcoal  or  more  highly  carbonized  particles. 


PLATE  CXLV. 

THIN   HORIZONTAL  SECTION, 

B  A  thin  horizontal  section  of  the  Vandalia  coal  (X150)  cutting  obliquely 
through  a  layer  of  attritus.  The  attritus  is  composed  of  anthraxylon  and  humlc 
matter,  in  which  cells  and  fibers  are  clearly  recognizable,  and  some  charred 
matter.    A  few  spore-exines  are  recognizable. 

B.  A  thin  horizontal  section  of  the  Vandalia  coal  (X150)  cutting  obliquely 
through  a  thin  strip  of  anthraxylon.  The  black  dots  in  the  upper  part  repre- 
sent pyrlte  particles.    Wood  fiber  and  woody  structures  are  clearly  shown. 
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A.  PART   OF  THE   SECTION    SHOWN    IN    PLATE   CXXXVfll 


I    PLATE   CXXXVIII 


4.  CELL  TISSUE   IN    COAL   FROM    THE   SIPSEY    MINE.    (X  200) 


B.  PART   OF   THE   SECTION    SHOWN    ABOVE.     {X  1000) 


U  HORIZONTAL  SECTION  OF  THE  COAL  FROM  THE  SIPSEY  MINE.      (X  SOO) 


B.  SPORE-EXINE   ISOLATED   FROM    THE   SIPSEY  COAL. 
(X  1000) 
I26536'— 20— Bull.   H7 10 


VERTICAL  FRACTURE  OF  THE  COAL  FROM  THE  VANDALIA  MINE.  NEAR  TEfiRE 


NDALIA    MINE,    AT    LOW 


PLATE  CXLVL 

THIN  VERTICAL  SECTIONS. 

A,  A  thin  cross  section  (X200)  of  the  coal  from  Vandalla,  Ind.  1-a  repre- 
sents a  thicker  anthraxylon,  corresponding  to  one  of  the  thin  strips  shown  In 
cross  section  in  Plate  CXLIII,  A  and  B;  2-c  represents  cuticular  matter;  at 
S-d  Is  seen  a  thin  layer  composed  of  small  anthraxylon  chips.  Including  some 
carbonized  matter,  a  few  spore-exines,  and  also  several  pyrlte  particles;  4-a 
Is  a  layer  consisting  of  spore-exines  and  humic  matter ;  the  layer  5-d  is  com- 
posed of  small  anthraxylon  chips,  humic  matter,  more  highly  carbonized  mat- 
ter, pyrlte  granules  and  some  spore  matter.  The  small,  dark,  rounded  and 
Irregular  areas  represent  pyrite  nodules. 

B.  A  thin  cross  section  of  the  Vandalia  coal.  (X200.)  The  layer  at  1-a 
represents  a  resinous  strip  of  anthraxylon  corresponding  to  one  of  the  thin 
strips  shown  in  Plate  CXLIII,  A  and  B;  2-d,  a  layer  of  attrltus  composed  of 
humic  matter,  carbonaceous  matter  and  spore  matter ;  d-d  represents  a  sheet  of 
closely  packed  resinous  particles;  4-a,  a  layer  consisting  of  a  number  of  thin 
anthraxylon  chips,  including  very  light-colored  strips  of  a  cuticular  nature ;  5-d 
represents  a  layer  of  attritus  of  varied  composition.  The  small  dark  rounded 
and  irregular  areas  represents  pyrite  granules  or  nodules. 


PLATE  CXLVII. 

THIN  VERnCAIi  SECTIONS. 

A.  Thin  cross  section  of  the  Vandalia  coal  (X200),  representing  a  layer 
composed  largely  of  resinous  matter,  small  anthraxylon  chips,  and  humic  mat- 
ter, and  a  small  amount  of  spore  matter,  carbonaceous  matter,  and  pyrite 
granules. 

B,  A  thin  cross  section  of  the  Vandalia  coal  (X200),  representing  a  layer 
similar  to  that  shown  in  A,  but  In  which  the  particles  of  resinous  matter  differ 
in  texture,  size,  and  form.  The  matter  lodged  between  the  resinous  matter  at 
2'-a  and  3-a  is  the  residue  of  a  once  woody  tissue. 


PLATE  CXLVIII. 

THIN  VERTICAL  SECTIONS. 

A.  A  thin  cross  section  of  the  Vandalia  coal.  ( X200.)  At  1-a  Is  a  layer  of 
thin  anthraxylon  strips ;  at  2-d  is  a  layer  of  attrltus  containing  much  resinous 
matter,  humic  matter,  some  carbonaceous  matter,  and  a  little  spore  matter; 
3-a  is  a  layer  that  consists  almost  entirely  of  large  irregularly  shaped  resinous 
particles  with  some  of  the  Interstices  filled  with  an  earthy  matter. 

B.  A  thin  cross  section  of  the  Vandalia  coal.  (X200.)  At  1-d  is  a  layer 
of  humic  matter,  spore-ex Ines  that  are  not  well  preserved,  and  some  resinous 
matter;  2~a  is  an  anthraxylon  strip;  at  3-d  and  4-d  are  layers  containing 
much  resinous  matter,  large  Irregular  particles  of  humic  matter  and  some  spore 
and  earthy  matter. 
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PLATE  CXLIX, 

THIN  VERTICAL  SECTIONS. 

A,  A  thin  cross  section  of  the  Vandalia  coal,  the  first  of  a  series  of  three 
photographs  (X200),  representing  parts  of  the  same  resinous  anthraxylon  strip 
in  various  stages  of  decay.  At  1-a  the  strip  is  partly  "  decayed,"  leaving  much 
resinous  matter.  In  the  lower  part,  at  2-d,  3-a,  and  4-d,  a  numljer  of  an- 
thraxylon strips,  humic  matter,  and  a  few  resinous  particles  and  spore-exines 
are  embedded  in  an  earthy  and  carbonaceous  matrix. 

B,  A  thin  cross  section  of  the  Vandalia  coal,  the  second  of  a  series  of  three 
photographs  (X200)  of  the  same  resinous  anthraxylon  strip.  Practically  all 
the  woody  matter  has  disappeared,  leaving  nothing  but  the  resinous  particles; 
some  of  the  interstices  are  filled  with  an  earthy  matter,  chiefly  pyrite,  and 
some  of  the  interstices  are  empty  spaces ;  at  ^a  there  still  remains  some  of  tlie 
original  woody  tissue. 


PLATE  CL. 

THIN  VERTICAL  SECTIONS. 

A.  A  thin  cross  section  of  the  Vandalia  coal,  the  third  of  a  series  of  three 
photographs  (X200),  of  the  same  anthraxylon  chip,  in  various  stages  of  decay, 
showing  a  part  of  the  strip  in  which  much  of  the  woody  matter  is  still  hold- 
ing the  resinous  particles  in  situ. 

B.  A  thin  cross  section  of  the  Vandalia  coal  (X  1,000),  showing  a  layer 
of  attritus  containing  a  number  of  spore-exines,  some  humic  matter  and  car- 
bonaceous matter. 


PLATE  CLI. 

CROSS  SECTIONS  OF  STEM  OF  A  FOSSIL  MEDULLOSA. 

A,  The  cross  section  (X5)  of  the  stem  of  a  fossil  medullosa  (M.  Anglica). 
In  the  center  are  the  three  steles  of  wood,  surrounded  by  a  common  periderm,  p. 
Outside  of  this  is  the  inner  cortex,  ic,  and  forming  the  outer  covering  of  this  is* 
the  outer  cortex  oc.  In  the  outer  and  the  Inner  cortices  leaf  traces  and  gum 
canals,  or  mucilage  ducts,  run  in  a  vertical  direction.  The  leaf  traces  are 
faintly  shown  as  small  irregular  and  rounded  areas,  the  gum  canals  as  small 
circular  areas,  quite  distinct  in  some  places. 

B.  Part  of  the  inner  cortex  ic  in  A,  split  longitudinally  (XIO)  of  the  stem 
shown  in  Ay  in  which  several  gum  canals  filled  with  some  matter,  m,  are  seen, 
and  leaf  traces.  It 


PLATE  CLII. 

LONGITUDINAL  SPLIT  OF  STEM  OF  A  FOSSIL  MEDI7LLOSA. 

Another  longitudinal  split  (XIO)  of  the  stem  shown  in  Plate  CLI,  A,  partly 
In  one  of  the  steles  and  partly  in  the  cortex ;  st,  stele,  showing  the  wood  of  the 
plant ;  It,  leaf  trace ;  m,  gum  canals  or  mucilage  ducts ;  pd,  periderm. 
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B.  OBLIQUE   SECTION   THROUGH    STRIP   OF   ANTKRAXYLON.     (X  150) 


'    PlATI  cxlvii 


'     PLATS  OXUX 


B.  SECOND    SECTION    OF   THE   SERIES.     (X  200) 


I    OF   THE   STEM    OF   A    FOSSIL    MEDULLOSA.     (X  5) 


LONGITUDINAL  SECTION  OF  A  STELE  AND  THE  INNER  CORTEX  SHOWN   IN   PLATE 


PLATE  CLIIL 

ijonoitudinal  split  of  cortices  of  a  fossil  medullosa. 

A  £fplit  through  the  same  stem  shown  in  Plate  CLI,  A  (XIO)  from  the  outer 
to  the  Inner  cortex.  Oc,  outer  cortex;  io,  inner  cortex;  m,  mucilage  ducts  or 
gum  canals ;  It,  leaf  traces. 


PLATE  CLIV. 

MEDULLOSA-LIKE  STRUCTURE. 

A.  A  horizontal  fracture  of  the  Shelby ville  coal  (XIO),  showing  medullosa- 
like  structure,  with  vascular  strands  or  leaif  traces,  vs,  and  "needles,"  m,  in 
the  cortex  or  parenchyma,  p. 

B.  A  horizontal  fracture  from  the  Shelby vllle  coal  (XIO),  showing  medul- 
losa-like  structure  of  a  type  similar  to  3'et  slightly  different  from  that  shown  in 
A.  m,  needles;  vs,  vascnlar  strands  or  leaf  traces  in  the  cortex  or  paren- 
chyma, p. 

PLATE  CLV. 

MEDULLOSA-LIKE  STRUCTURE. 

A  horizontal  fracture  of  the  Zelgler  coal  (X5),  showing  a  medullosa-Iike 
structure  different  flrom  the  type  in  the  Shelby ville  coal.  The  needles  are 
associated  with  the  vascular  strands  or  strands  of  woody  tissue  and  are  much 
thinner  than  in  the  type  shown  previously ;  they  are  distinctly  seen  in  some  of 
the  vascular  strands,  vs.    The  cortex  or  parenchyma  is  represented  by  p. 


PLATE  CLVI. 

RODLETS. 

A  cleavage  surface  of  the  Royalton  coal  (X25),  photographed  by  means  of 
reflected  light,  showing  the  magnified,  appearance  of  one  of  the  "  needles  "  or 
"  rodlets."  In  the  upper  left-hand  corner  is  also  shown  one  of  the  needles 
composed  of  quartz,  in  an  oblique  transverse  fracture. 
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PLATE  CLVII. 


FUNGAL  HTPHiE. 


A,  A  thin  horizontal  section  of  the  Yandalla  coal  (XIOOO),  showing  anthrax- 
ylon  i)ervadecl  by  fungal  hyphie. 

B.  Another  horizontal  section  of  the  Yandalla  coal   (X  1,000)   showing  an 
anthraxylon  chip  infested  by  fungal  hjrphic  with  spore-like  thiclcenings. 


PLATE  CLVIII. 

FUKGAL-IiIKE   BODIES. 

A.  A  thin  horizontal  section  of  the  coal  from  the  experimental  mine  of  the 
Bureau  of  Mines  (X150),  showing  a  portion  of  a  sporangium  infested  by 
organisms  like  fungal  spores,  shown  as  minute  white  dots  among  the  spore- 
exlnes. 

B.  A  part  of  the  section  shown  in  A,  (X  1,000.)  The  bodies  like  fungal 
spores  are  shown  as  small  white  areas  among  the  spore-exines. 


PLATE  CLIX. 


FUNGAIi-UKE   BODIES. 


A  and  B,    Two  other  parts  of  the  horizontal  section  shown  in  Plate  CLVIII, 
A  (X  1,000),  showing  the  same  fungal-like  bodies  among  the  spore-exlnes. 


PLATE  CLX. 

UNKNOWN  ORGANISMS. 

A,  A  horizontal  thin  section  (X  1,000)  from  the  coal  from  the  experimental 
mine  of  the  Bureau  of  Mines,  showing  an  unknown  organism  consisting  of 
very  small  ovoid  bodies,  usually  arranged  in  ring-like  groups. 

B,  Another  horizontal  thin  section  (X  1,000)  from  the  coal  from  the  ex- 
perimental mine*  showing  the  same  organisms  as  in  A,  A  spore-exine  of  the 
predominant  type  is  seen  in  the  center  and  serves  as  a  standard  for  comparison. 
The  diameter  of  the  spore-exine  is  approximately  15  microns. 
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lULLOSA-LIKE   STRUCTURE    IN    COAL    FROM    5HE1.QVVK.LE,  ILL.     (X  10} 


MEDULLOSA-LIKE    STRUCTURE    IN   COAL    FROM    ZEIGLER,   ILL.     (X  5) 


RODLETS    IN   COAL   FROM    ROVALTON,  ILL,     (X  25) 


A.  FUNGAL    HYPH.e    IN   COAL    FROM    \ 


B.  ANOTHER  SECTION  SHOWIN 


1   THE   EXPERIMENTAL 


'ART  OF  THE  SECTION  SHOWN  ABOVE.     (X  1000) 


A.  ANOTHER  AREA   FROM   THE  SECTION   SHOWN   IN   PLATE  CLVIII.  A.     (X  1000) 


*   THIRD   AREA   FROM   THE   SECTION   SHOWN    IN   PLATE   CLVIII.  A.    (X  1000) 


PUBLICATIONS  ON  THE  COMPOSITION  OF  COAL. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  mav  be  of  especial  interest 
to  them.  Requests  for  publications  should  be  addressed  to  the 
Director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications 
available  for  free  distribution  as  well  as  thosie  obtainable  only  from 
the  Superintendent  of  Documents,  Government  Printing  Office,  on 
payment  of  the  price  of  printing.  Interested  persons  should  apply 
to  the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

PUBLICATIONS  AVAILABLE  FOR  FREE  DISTRIBUTION. 

Bulletin  85.  Analyses  of  mine  and  car  samples  of  coal  collected  in  the  fiscal 
years  1911  to  1913,  by  A.  C.  Fleldner,  H.  I.  Smith,  A.  H.  Fay,  and  Samuel 
Sanford.    1914.    444  pp.,  2  figs. 

Bulletin  119.  Analyses  of  coals  purchased  by  the  Government  during  the 
fiscal  years  1908-1915,  by  G.  S.  Pope.    1916.    118  pp. 

Bulletin  136.  Deterioration  in  the  heating  value  of  coal  during  storage,  by 
H.  C.  Porter  and  F.  K.  Ovitz.    1917.    38  pp.,  7  pis. 

Technical  Pafeb  2.  The  escape  of  gas  from  coal,  by  H.  G.  Porter  and  F.  K 
Ovitz.    1911.    14  pp.,  1  fig. 

Technical  Paper  5.  Constituents  of  coal  soluble  in  phenol,  by  J.  C.  W. 
Frazer  and  E.  J.  Hoffman.    1912.    20  pp.,  1  pi. 

Technical  Paper  8.  Methods  of  analyzing  coal  and  coke,  by  F.  M.  Stanton 
and  A.  C.  Fieldner.    1913.    42  pp.,  12  figs. 

Technical  Paper  16.  Deterioration  and  spontaneous  heating  of  coal  in 
storage,  a  preliminary  report,  by  H.  C.  Porter  and  F.  K.  Ovitz.    1912.    14  pp. 

Technical  Paper  35.  Weathering  of  the  Pittsburgh  coal  bed  at  the  experi- 
mental mine  near  Bruceton,  Pa.,  by  H.  G.  Porter  and  A.  G.  Fieldner.  1914. 
35  pp.,  14  figs. 

Technical  Paper  64.  The  determination  of  nitrogen  in  coal,  a  comparison  of 
various  modifications  of  the  KJeldahl  method  with  the  Dumas  method,  by 
A.  C.  Fieldner  and  C.  A.  Taylor.    1915.    23  pp.,  5  figs. 

Technical  Paper  76.  Notes  on  the  sampling  and  analysis  of  coal,  by  A.  G. 
Fieldner.    1914.    59  pp.,  6  figs. 

Technical  Paper  98.  Effect  of  low- temperature  oxidation  on  the  hydrogen  in 
coal  and  the  change  of  weight  of  coal  in  drying,  by  S.  H.  Katz  and  H.  G.  Porter. 
1917.    16  pp.,  2  figs. 

Technical  Paper  113.  Some  properties  of  the  water  in  coal,  by  H.  G.  Porter 
and  O.  G.  Ralston.    1916.    30  pp.,  3  figs. 

Technical  Paper  133.  Directions  for  sampling  coal  for  shipment  or  delivery, 
by  O.  S.  Pope.    1917.    15  pp.,  1  pi. 

Technical  Paper  140.  The  primary  volatile  products  of  the  carbonization  of 
coal ;  a  sequel  to  Bulletin  1.  The  volatile  matter  of  coal,  by  G.  B.  Taylor  and 
H.  G.  Porter.    1916.    59  pp.,  1  pi.,  25  figs. 
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PREFACE. 


This  bulletin  is  the  sixth  of  its  kind  to  be  published  by  the  Bureau 
of  Mines,  the  five  preceding  being  Bulletins  61,  79,  90,  101,  and  113. 

The  wide  demand  for  the  information  contained  in  these  bulletins 
has  led  the  bureau  to  decide  to  issue  similar  bulletins  with  sufficient 
frequency  to  keep  reasonably  current  the  records  of  decisions  of 
Federal  and  State  courts  of  last  resort  on  questions  relating  to  the 
mineral  industry. 

The  bureau  will  gladly  welcome  and  consider  any  suggestions 
looking  to  improvement  in  the  matter  contained  in  these  bulletins 
or  the  manner  in  which  it  is  presented.  The  purpose  of  the  bulletins 
will  continue  to  be  to  improve  directly  or  indirectly  mining  condi-' 
tions  and  to  promote  the  health  and  safety  of  miners  by  the  prompt 
publication  of  decisions,  and  to  this  end  it  is  desired  that  the  bulle- 
tins reach  all  persons  who  are  interested. 

Van  H.  Manning. 
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ABSTRACTS  OF  CURRENT  DEGSIONS  ON  MINES  AND  MINING, 

OCTOBER  TO  DECEMBER,  1915. 


By  J.  W.  Thompson. 


MINERALS  AND  MINERAL  LANDa 


CX>NTBACT  OF  BALE — OONBTRUOnOK. 

A  contract  stipulating  for  the  delivery  of  quantities  of  phosphate 
rock  ''f.  o.  b.  mines/'  and  stipulating  that  ''while  this  contract  is  in 
form  an  absolute  sale  for  a  fixed  quantity  in  each  year,  it  is  mutually 
understood  and  agreed  that  the  purchase  is  for  the  buyer's  consump- 
tion and  not  for  a  sale;  the  buyer  agreeing  to  give  to  seller  the  refusal  of 
any  surplus  over  and  above  the  actual  consumption.  Buyer  is  at 
liberty  to  increase  or  diminish  the  quantity  called  for  in  any  year,  to 
the  extent  of  not  exceeding  10  per  cent;  provided  that  the  quantity 
to  be  taken  shall  not  be  less  than  buyer's  consumption;  provided 
further  that  notice  of  such  increased  or  diminished  demand  be  given 
seller  12  months  in  advance  of  such  change, "  is  to  be  construed  as  a 
contract  for  the  sale  of  stated  quantities  of  rock,  deliverable  in 
approximately  equal  quantities  during  each  year  for  the  specified 
series  of  years,  subject  only  to  be  increased  or  diminished  after  speci- 
fied notice  in  any  year,  where  the  amount  taken  would  not  be  less 
than  the  buyer's  consimiption,  not  exceeding  10  per  cent,  and  the 
contract  indicating  that  the  rock  was  intended  by  both  parties  for 
consumption  in  the  fertilizer  plant  of  the  buyer,  but  the  quantity  to  be 
taken  was  not  limited  by  the  necessities  of  the  plant. 

Atlanta  Oil  it  Fcrtlltaer  Co.  i.  Phosphate  Mhiliig  Ca  (Georgia),  f6  Southeastern,  216,  September,  1916. 
DECREE  QUIETING   TITLE — EFFECT  ON   PERSONS   NOT    PARTIES. 

A  decree  of  court  adjudicating  and  establishing  titie  to  mineral 
lands,  ''together  with  all  the  minerals  thereon  and  therein  contained,  * 
is  in  no  way  binding  on  persons  who  were  not  parties  to  the  action  in 
which  the  decree  was  rendered. 

l^tmerse  t.  Mitcbeu  CMichi^xi).  164  hoiUii^eMcrD,  Vc,  p.  23,  heptember,  191& 


2  MINING   DECISIONS. 

PUBCHASE   INDUCED   BY  FRAUD — RIGHT  TO   RESCISSION. 

A  coal-mining  company  induced  to  purchase  a  coal  lease  together 
with  property  used  in  operating  the  mine  is  not  entitled  to  a  rescission 
of  the  contract  on  the  ground  of  fraud  where  the  hill  for  relief  does  not 
show  that  the  property  has  been  returned  and  does  not  offer  to  make 
restitution,  or  show  sufficient  reason  for  a  f  ailiu^e  so  to  do ;  or  if  it  is  im- 
possible to  restore  the  status  quo  and  to  put  the  seller  in  the  condition 
existing  before  the  contract  was  made,  and  in  such  case  the  remedy 
must  be  by  abatement  in  price  and  not  by  rescission. 

CoDsumers'  Fuel  &  Coal  Co.  v.  Yarbroogb  (Alabama),  69  Sonthflrn,  897,  p.  900,  Octobor,  1915. 

SALE  AND  GONVETANGE. 

CONTRACT  OF   SALE — FRAUD  AND  RESCISSION — RECOVERY   OF  MONET 

PAID. 

In  an  action  by  a  purchaser  of  a  mine  to  recover  money  paid  by  the 
purchaser  to  the  seller  upon  a  contract  for  the  sale  and  purchase  of  the 
mine,  where  the  plaintiff  alleges  that  he  was  induced  to  agree  to  make 
the  purchase  by  false  and  fraudulent  representations  made  to  him  by 
the  seller,  to  the  effect  that  there  was  a  certain  vein  in  the  mine  at  a 
certain  place  or  level,  and  where  the  plaintiff  had  fully  rescinded  the 
contract  before  the  commencement  of  the  action,  the  defendent  is  not 
entitled  to  introduce  evidence  to  prove  the  value  of  the  mine,  where 
there  is  no  claim  on  the  part  of  the  defendant  and  no  allegation  in  the 
plaintiff's  complaint  that  the  defendant  either  represented  or  mis- 
represented the  value  of  the  mine  as  a  whole  at  the  time  of  the  alleged 
sale  and  purchase. 

Coben  v.  Stockton  (California),  151  Pacific,  741,  p.  742,  August,  1915. 

IMPLIED  WARRANTY   OF  TITLE. 

In  the  sale  of  a  lease  to  mine  the  lands  described  therein,  together 
with  certain  designated  mining  machinery  and  fixtures  in  the  mine 
and  other  personal  properties  used  in  connection  with  the  operation 
of  the  coal  mined  on  the  lands  so  leased,  the  law  will  imply  a  war- 
ranty of  title,  whether  the  vendor  professed  to  be  able  to  make  a 
clear  title,  either  by  direct  assertion  to  that  effect  or  ivhere  he  offers 
to  make  such  a  title  by  concealing  the  fact  of  his  inability  to  do  so, 
and  his  conduct  in  either  case  must  be  regarded  as  fraudulent,  and 
if  the  property  is  encumbered  by  lien,  the  purchaser  is  entitled  to 
his  remedy  by  abatement  in  price. 

Consuxners'  Fuel  A  Coal  Co.  r.  Yarbrough  (Alabama),  G9  Southern,  897,  p.  900,  October,  1915. 


MINERALS  AND  MINERAL  LANDS.  3 

PURCHASE   OF  LEASE   INDUl^ED   BY  FRAUD — INJUNCTION. 

A  coal-mining  company  is  entitled  to  a  temporary  injuction  re- 
straining a  mortgagee  from  foreclosing  his  mortgage  executed  by  it 
on  the  purchase  of  a  mining  lease,  where  the  mortgagee  induced  the 
complainant  to  purchase  the  lease  and  execute  its  note  and  mortgage 
due  in  18  months  on  the  false  and  fraudulent  representation  of  the 
mortgagee  that  he  would  cause  all  liens  against  the  mining  property 
to  be  satisfied,  and  fraudulently  represented  that  certain  bonds 
secured  by  a  trust  deed  on  the  mining  property  matured  in  18  months, 
the  time  the  defendant's  note  and  mortgage  should  mature,  and 
that  complainant  could  thereby  protect  itself,  and  where  the  defend- 
ant, as  a  further  inducement  to  complainant  to  purchase  the  mining 
lease  and  execute  to  him  its  notes  and  mortgage,  promised  and 
agreed  that  the  time  on  the  note  and  mortgage  held  by  him  should 
in  any  event  be  extended  imtil  the  date  or  after  the  date  of  the 
maturity  of  all  indebtedness  and  liens  against  the  mining  property, 
and  where  it  subsequently  appeared  that  the  bonds  secured  by  the 
trust  deed  did  not  mature  until  two,  three,  and  four  years  from  the 
date  of  the  note  and  mortgage  executed  by  the  complainant,  and 
that  the  defendant  refused  to  extend  the  time  of  the  maturity  thereof 
according  to  his  promise,  and  was,  in  fact,  proceeding  to  foreclose  his 
mortgage  by  advertisement,  the  complainant  is  entitled,  on  the 
facts  stated  and  the  fraudulent  representations  contributing  as  an 
induc^nent  to  the  execution  of  the  note  and  mortgage  maturing  as 
they  did,  to  a  reformation  of  his  note  and  mortgage  in  conformity 
with  the  defendant's  promise  of  extension  and  an  injimction  restrain- 
ing a  premature  foreclosure  of  such  mortgage. 

CoDSUiiMrs'  Coal  A  Fuel  Co.  v.  Yarbrough  (Alabama),  60  Southern,  807,  p.  800,  October,  1015. 
LAND  HELD  IN  TRUST — ^DEATH  OF  TRUSTEES — ^RIGHT  OF  BENEFICIARY. 

Where  a  deed  for  land  was  made  to  nine  trustees  for  the  benefit  of 
a  mining  corporation,  and  where  it  appears  that  the  trustees  are  all 
dead,  the  corporation  may  sue  to  have  new  trustees  appointed  in 
place  of  those  whose  names  appear  in  the  deed,  and  a  court  may 
grant  such  relief  in  order  to  prevent  the  failure  of  the  trust,  and  the 
ynining  corporation  may  recover  as  against  a  wrongdoer  on  its 
equitable  title. 

Ttoy  p.  North  CBroUna  Gold  Mining  Co.  (North  OeroUna),  87  Southeastern,  40,  p.  42,  December,  1015. 
BUBPAGTB  AND  MINEBAL&— OWNERSHIP  AND  SBVEBANCE. 

RESERVATION   OF  MINERALS — ESTATES   BY   THE   ENTIRETIES. 

Where  a  wife  has  no  interest  other  than  an  inchoate  right  of  dower 
in  mineral  lands  conveyed  by  deed  in  which  she  joins  with  her  hus- 
band, and  by  which  the  minerals  in  the  land  were  reserved  to  the 
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grantors,  the  presumption  must  be.that  aha  joined  merely  for  the 
purpose  of  subjecting  her  dower,  and  the  intention  and  effect  of  such 
a  clause  in  a  deed  executed  by  the  husband  and  wife  is  not  to  create 
in  the  minerals  excepted  any  new  right  in  the  husband  or  wife,  but 
to  preserve  in  each  the  same  rights  each  had  therein  before  the 
execution  of  the  deed;  and  if  the  estate  was  held  by  the  entireties 
before  the  conveyance,  no  new  estate  by  the  entireties  was  created 
in  the  minerals  by  the  reservation  in  the  deed. 

DenMTM  p.  MltcbeU  (ICicbifUi),  IM  Northwastani,  32,  p.  34,  8«|»Unibcr,  Ulfi. 

GOAL  AND  COAL  LAHD8.  ^ 

RIGHT  OF   SUBFAOE  OWNER  TO  DRILL  ARTESIAN  WELLS. 

The  owner  of  land  who  has  conveyed  to  another  the  underlying 
coal  is  entitled  to  access  to  the  strata  beneath  the  coal,  and  on  thiH 
principle  the  owner  of  the  surface  who  has  conveyed  the  coal  has 
the  right  to  sink  an  artesian  well  through  the  vein  of  coal  for  the 
purpose  of  obtaining  water. 

Pennsylvania  Central  Brewing  Co.  v.  Lehigh  Valley  Coal  Co.  (Pemuylvania),  05  Atlantic.  471,  July,  1915. 


EMINENT  DOMAIN— RIGHT  OF  WAY. 

PIPE   LINE — EASEMENT — BRIGHT   TO  BEPAIB. 

The  grant  of  an  easement  ''to  lay,  maintain,  operate,  and  remove" 
an  oil  and  gas  pipe  line,  the  grantee  to  pay  all  damages  that  may 
accrue  to  the  crops  and  fences,  authorizes  the  grantee  of  the  easement 
to  enter  on  the  right  of  way  to  make  repairs  and  superadds  no  other 
liability,  except  for  injuries  resulting  from  the  negligent  or  wanton 
exercise  of  the  right  thereby  conferred;  and  the  grant  itself  is  com- 
petent evidence  of  the  lawfulness  of  an  entry  thereunder  and  is  ad- 
missible in  evidence  for  such  purpose. 

Moore  9.  Hope  Natural  Gas  Co.  (West  Virginia),  86  Southeastern,  564,  September,  iUfi. 

PIPE   LINE — RECEIPT  FOR  DAMAGES. 

A  receipt  and  release  by  a  landowner  who  had  granted  an  easement 
to  a  natural  gas  company  to  lay  and  operate  an  oil  and  gas  pipe  line, 
the  grantee  to  pay  all  damages  to  crops  and  fences,  whereby  the 
grantor  acknowledged  payment  'Mn  full  for  all  damages  on  any  and 
every  account  caused  by  or  arising  from  laying,  maintaining,  and 
operating"  such  pipe  line,  does  not  when  properly  construed  neces- 
sarily comprehend  subsequent  injuries  and  does  not  operate  as  a 
release,  or  accord  any  satisfaction  for  such  subsequent  injury,  as  the 
word  ''caused*'  is  a  perfect  participle  and  imports  acts  already  done, 
and  the  word  ''arising,  "while  having  a  progressive  and  prospective 
meaning  in  some  circmnstances,  usually  signifies  the  present  and 
generally  denotes  immediate  present,  and  only  occasionally  implies 
future  events  or  occurrences;  and  extrinsic  evidence  is  admissible  to 
show  the  circmnstances  surrounding  parties  at  the  date  of  the  agree- 
ment or  receipt,  the  nature  of  the  transaction  to  which  it  was  designed 
to  apply,  keeping  in  view  the  particular  purposes  to  be  effected,  and 
giving  to  the  terms  employed  their  ordinary  and  usual  meaning;  but 
an  accord  and  satisfaction  does  not  operate  as  a  bar  as  to  matters 
unknown  to  the  parties  at  the  time  of  its  execution. 

Moore  p.  Hope  Natural  Oas  Co.  (West  Virginia),  86  Southeastern,  564,  p.  565,  September,  1915. 
PIPE   LINE — INJURY   TO   CROPS   AND   FENCES. 

Under  a  grant  of  an  easement  to  lay  and  operate  a  pipe  line,  the 
grantee  to  pay  all  damages  **  to  crops  and  fences/'  the  term  '' crops," 
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nothing  appearing  to  the  contrary,  comprehends  only  such  growths 
as  are  produced  from  the  soil  and  severed  or  cropped  by  human  in- 
strumentalities, and  it  usually  signifies  and  is  generaUy  imderstood  to 
mean  something  cropped  or  severed  from  the  land  and  garnered  or 
saved  by  manual  labor,  as  cereals,  vegetables  planted  and  cultivated , 
hay  harvested  from  meadow  land,  com  grown  and  gathered  in  shocks, 
wheat  in  stacks  or  bins,  or  fodder  and  straw  in  shocks  or  ricks;  but 
does  not  apply  to  grass  on  lands  used  for  pasturage;  and  damages  to 
crops,  as  so  defined,  is  measured  by  their  market  value  at  the  time 
and  place  of  the  injury,  and  a  fence  when  readily  repairable,  is  meas- 
ured by  the  cost  of  material  and  labor,  which  will,  when  properly  ap- 
plied, restore  the  premises  to  their  condition  before  the  interference. 

Moore  f .  Hope  NaturaJ  Oas  Co.  (West  Virginia),  86  Southeastern,  564,  p.  567,  September,  1915. 
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BELL   HOLES. 

Bell  holes  are  holes  dug^  or  excavations  made  at  the  section  joints 
of  a  pipe  hne  for  the  purpose  of  repairs. 

Moon  9.-Hqpo  Nataral  Qas  Co.  (West  Virgiiila),  88  Southeastern,  SM,  p.  SK,  September  191fi. 

MINING  CORPORATIONS. 

FRANCHISE     TAX— UNCONSTITUTIONAL     AS     APPLIED     TO     RECEIVERS. 

Under  the  constitution  of  Ohio  the  power  of  taxation  of  privileges 
and  franchises  is  limited  to  the  reasonable  value  of  the  privilege  or 
franchise  conferred  originally  or  to  its  continued  value  from  year  to 
year;  and  these  limitations  prevent  confiscation  and  oppression  under 
the  guise  of  taxation,  and  the  power  of  such  taxation  can  not  extend 
beyond  what  is  for  the  common  or  public  welfare  and  the  equal  pro- 
tection and  benefit  of  the  people;  and  where  the  property  of  a  cor- 
poration has  passed  into  the  hands  of  a  receiver  and  the  corporation 
has  ceased  to  do  business,  the  franchise  of  such  a  corporation  to  be  a 
corporation  and  to  conduct  its  authorized  business  as  such  is  of  no 
value  to  the  receiver  and  to  the  creditors  whose  property  he  holds 
and  whom  he  represents,  and  the  franchise  tax  imposed  by  the  statutes  of 
Ohio  on  such  a  receiver  is,  in  its  operation,  confiscatory  and  oppressive, 
and  to  that  extent  unconstitutional. 

Keeoey  v,  Dominioii Coal  Co..  235  Federal,  025,  p.  628. 

FRANCHISE    TAX — INSOLVENCY — FAILURE    OF    OFFICER    TO    DECLARE 

DISSOLL  :  ION. 

By  section  5509  of  the  General  Code  of  Ohio  it  is  the  mandatory  duty 
of  the  secretary  of  state  to  cancel  the  articles  of  incorporation  of  a 
corporation  that  fails  or  neglects  to  make  a  report  or  to  pay  its 
franchise  tax  for  90  days  after  the  statutory  time,  and  thereupon  its 
franchise  would  come  to  an  end  and  the  tax  could  not  subsequently 
be  imposed.  And  whore  a  corporation  becomes  insolvent  and  passes 
into  the  hands  of  a  receiver,  the  mere  fact  that  the  corporate  oflBcers 
did  not  begin  proceedings  for  a  dissolution  does  not  enable  the  State 
to  impose  the  franchise  tax,  where  if  the  secretary  of  state  had  done 
his  duty  under  the  mandatory  act  the  corporation  would  have  been 
dissolved. 

Xeeney  v,  Domlnloo  Coal  Co.  •  226  Federal,  626,  p.  62B. 
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BANKRUPTCY — INSOLVENCY — PAYMENT  AS   A   PREFERENCE. 

Payments  made  by  an  insolyent  mining  corporation  that  amount 
to  a  preference  constitute  such  acts  of  bankruptcy  as  will  cause  the 
corporation  to  be  adjudged  a  bankrupt,  where  the  corporation  had 
reasonable  cause  to  believe  that  the  payments  would  effect  a  prefer- 
ence and  such  preferences  are  available. 

WiM  Coal  Co.  9,  BmaU,  336  Fedflnl,  534,  p.  52S. 
BANKRUPTCY  PROCEEDINGS — RIGHT  OP  STOCKHOLDERS  TO  INTERVENE. 

In  proceedmgs  of  creditors  to  have  a  mining  corporation  declared  a 
bankrupt  on  the  ground  of  the  alleged  indebtedness  of  the  corporation 
to  the  petitioners,  the  stockholders  of  the  corporation  may  intervene 
if  the  directors  fraudulently  fail  and  refuse  to  oppose  the  petition  or 
interpose  any  defense,  and  where  the  petition  to  intervene  shows  that 
the  directors  are  adversely  interested  and  are  permitting  the  property 
to  be  sold  so  that  they  may  acquire  it  at  less  than  its  value;  and  in 
such  case  the  stockholders  are  not  required  to  take  the  ordinary  pre- 
liminary steps  before  bringing  suit. 

Ogden  V.  Qllt  Edge  Consolidated  Mines,  235  Federal,  733,  p.  738. 
PROPERTY    IN    HANDS    OF    RECEIVER    ADMINISTERED    FOR    CREDITORS. 

The  assets  of  a  corporation  in  the  hands  of  a  receiver  do  not  belong 
to  the  corporation  but  to  the  creditors,  and  the  court  holds  such 
assets  for  distribution  to  creditors  as  their  respective  interests  may 
appear,  under  the  rule  that  when  a  corporation  becomes  insolvent 
it  is  so  far  civilly  dead  that  its  property  may  be  administered  as  a 
trust  fund  for  the  benefit  of  its  stockholders  and  creditors. 

Keeney  v.  Dominion  Coal  Co.,  235  Federal,  625,  p.  038. 

citizens'      organization      of      FOREIGN      CORPORATION — COLLUSIVB 

JURISDICTION. 

Citizens  of  California  will  not  be  permitted  to  oi^anize  a  mining 
corporation  in  the  State  of  Nevada  and  transfer  to  it  the  legal  title 
to  mining  property  in  California  for  the  purpose  of  conferring  an 
apparent  jurisdiction  upon  a  Federal  court  on  the  ground  of  diversity 
of  citizenship,  which  would  not  otherwise  exist. 

Phoenlx-Buttes  Gold  Min.  Co.  c.  Winstead,  228  Federal.  855,  p.  861. 
Bee  Phoenlx-Buttes  Gold  Min.  Co.  v.  Winstead.  236  Federal,  863. 

OFFICER   EMPLOYED   AS   AGENT — DISCHARGE. 

The  president  of  an  oil  and  gas  company  who  was  also  employed  as 
field  manager  is  not  as  such  field  manager  an  oIBcer  of  the  company, 
but  only  an  employee,  and  in  the  absence  of  an  agreement  for  employ- 
ment for  JL  specified  time  he  may  be  discharged  as  such  field  manager 
at  any  time. 

Badeer  Oil  &  Gas  Ca  r.  Preston  (Oklahoma^  152  Pacific.  ^83,  p.  385,  October,  1915. 
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TBUBT  RELATION  OF  PBESIDBNT  AND  CORPOBATION — SECRET  PROFITS. 

The  president  of  an  oil  and  gas  company  who  purchased  stock 
from  one  of  its  stockholders  for  $250  and  thereupon  resold  the  stock 
to  the  corporation  for  $2,850  on  the  false  and  fraudulent  representa- 
tion to  the  corporation  and  to  the  board  of  directors  that  the  stock 
cost  him  that  particular  sum,  is  liable  to  the  corporation  for  the 
difference  between  the  sum  paid  by  him  for  the  stock  and  the  sum 
received  by  him  for  the  stock  from  the  corporation,  as  the  president, 
as  an  officer  of  the  corporation,  occupies  a  fiduciary  relation  toward 
it,  and  can  not,  either  directly  or  indirectly,  in  his  dealings  on  behalf 
of  the  corporation,  or  in  any  transaction  in  which  it  is  his  duty  to 
guard  the  interest  of  the  corporation,  make  any  secret  profits  or 
acquire  any  benefit  or  advantage  not  enjoyed  by  other  stockh^"" ' 

Badgtr  Oil  it  Oas  Co.  v.  Preston  (Oklahoma),  152  Pacific,  383,  p.  386^  October,  1915. 

VAUDITT  OF   CONTRACT — INTERLOCKING  DIREOTORS. 

A  contract  between  a  smelting  company  and  a  mining  company 
by  the  terms  of  which  the  smelting  company  agreed  to  erect  a  copper 
matte  smelting  plant  with  a  certain  stated  daily  capacity  and  agreed  to 
pay  or  secure  the  extension  of  an  indebtedness  of  the  mining  company 
and  to  make  certain  advances  to  the  mining  company  to  be  used  in 
repairs  and  preparations  about  its  mines  and  property  to  fit  it  for  the 
resumption  of  mining  and  production  of  ores,  the  advances  to  be  repaid 
out  of  the  first  net  proceeds  of  the  ores  of  the  mining  company  which 
should  be  treated  by  the  smelting  company,  is  not  invalid  because 
two  of  the  members  of  the  board  of  directors  of  the  smelting  company 
were  members  of  the  board  of  directors  of  the  mining  company,  where 
there  was  no  claim  that  the  smelting  company's  control  of  the  mining 
company's  board  of  directors  was  obtained  by  undue,  unfair,  or 
fraudulent  means,  and  where  the  note  originally  given  as  evidence 
of  the  advances  and  indebtedness  was  subsequently  renewed  by  the 
board  of  directors  of  the  mining  company  at  a  time  when  none  of  its 
members  was  a  member  of  the  board  of  directors  of  the  smelting 
company. 

Gould  Copper  HtDlng  Co,  f.  Walker  (Ariiona),  152  Pacific,  853,  p.  854,  November,  1915. 

RIGHT  TO  QUESTION   CONSTITUTIONALITY  OP  STATUTE. 

A  mining  corporation  is  noUa  ''citizen"  within  the  protection  of 
the  "privileges  and  immimities"  provisions  of  the  Federal  Constitu- 
tion, and  such  a  corporation  can  not  question  the  constitutionality 
of  the  workmen's  compensation  act  on  the  ground  that  it  effects  a 
wrongful  breachment  of  the  privileges  and  immunities  of  citizenship. 

Hunter  r.  Colfax  Consolidated  Coal  Co.  (Iowa),  154  Northwestern,  1037,  p.  10S7,  NoTember,  1915. 
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INSOLVENCY — RIGHT  OF   BONDHOLDERS  TO  PRIOBITT. 

The  owners  of  land  who  sold  the  same  for  a  stated  price  to  a  mining 
corporation  and  received  in  payment  therefor  a  part  of  an  issue  of 
bonds  of  the  corporation  at  80  cents  on  the  dollar,  which  showed  on 
their  face  a  total  issue  of  $100,000,  and  who  accepted  and  held  such 
bonds  and  received  the  interest  thereon  for  two  years,  can  not  on 
the  subsequent  insolvency  of  the  corporation  maintain  an  action  to 
have  their  deed  to  the  land  canceled  and  set  aside  on  the  ground  of 
fraud  on  the  part  of  the  corporation  in  making  an  excessive  issue  of 
bonds,  and  thereby  acquire  a  priority  over  other  bondholders  and 
creditors,  but  their  rights  under  such  circumstances  are  upon  the 
bonds  and  their  rights  .and  remedies  the  same  as  other  bondholders. 

Y«Uow  Cbief  Cool  Co.  v,  Johoaon  (Kentucky),  179  Southwestern,  60B,  p.  601,  Noyember,  191& 
AUTHORmr  OF  OIL  COMPANY  TO   OWN   RAILROAD. 

Under  the  amendatory  statute  of  Texas  a  corporation  formed  for 
the  establishment  and  maintenance  of  oil  companies  with  the  authority 
to  contract  for  the  lease  and  purchase  of  the  right  to  prospect  for, 
develop,  and  use  coal  and  other  minerals,  petroleum  and  gas,  and 
with  the  right  to  erect,  build,  and  own  the  necessary  oil  tanks,  cars, 
and  pipes  necessary  for  the  operation  of  the  business  of  the  same, 
and  giving  corporations  theretofore  created  similar  rights,  does  not 
authorize  a  producing  oil  company  organized  in  another  State  to 
own  and  operate  a  railroad  to  be  used  in  connection  with  its  business, 
nor  does  it  authorize  such  a  corporation  through  a  receiver  to  operate 
a  railroad. 

Contineotal  Trust  Co.  v.  Brown  (Texas  Civil  Appeals),  179  Southwestern,  999,  p.  943,  Novomber,  191& 

MISTAKE   IN   NAME   OF  CORPORATION. 

A  corporation  can  legally  have  but  one  name  and  that  must  be 
the  name  given  it  in  its  articles  of  incorporation,  and  in  that  name  it 
is  authorized  to  do  business  and  maintain  suits,  and  when  sued  it 
should  be  sued  by  such  name.  But  where  an  injured  miner  brought 
suit  against  the  Imperial  Coal  Company  charging  it  with  negligence 
causing  the  injury  complained  of,  when  as  a  matter  of  fact  the  com- 
plainant at  the  time  of  his  injury  was  an  employee  of  the  '^  Imperial 
Jellico  Coal  Company"  and  his  cause  of  action  was  against  that 
company  and  not  against  the  Imperial  Coal  Company;  and  though 
summons  on  the  petition  against  the  Imperial  Coal  Company  was 
executed  on  an  authorized  agent  of  the  Imperial  Jellico  Coal  Com- 
pany, this  furnished  no  aid  in  correcting  the  mistake  of  the  com- 
plainant, as  the  Imperial  Jellico  Coal  Company  was  not  sued  and 
was  not  before  the  court;  but  the  mere  omission  from  the  petition 
of  the  word  ^'Jellico"  was  not,  in  view  of  the  admitted  fact  that 
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the  Imperial  Jellico  Coal  Company  was  the  name  of  the  corporation 
for  which  the  complainant  was  working  at  the  time  of  his  injury, 
and  the  name  of  the  corporation  which  he  intended  to  sue,  such  a 
substantial  omission  or  mistake  as  to  affect  the  sufficiency  of  the 
petition  as  the  commencement  of  an  action  against  the  Imperial 
JeUico  Coal  Company  and  the  error  is  immaterial  under  the  code 
pleading,  and  an  amendment  inserting  the  word  "Jellico"  subse- 
quently filed  relates  back  to  and  becomes  a  part  of  the  original 
petition. 

Imperia]  Jellied  Coal  Oo.  v.  New  (Kentucky);  179  Southwestern,  W»,  p.  880,  November,  191& 

CONVEYANCE  TO  TRUSTEES — EFFECT. 

A  deed  of  land  to  nine  persons  named  as  trustees  of  a  mining  cor- 
poration does  in  effect  convey  the  land  to  the  trustees  for  the  mining 
corporation  and  not  to  such  trustees  for  their  own  benefit. 

Troy  V,  North  Carolina  Gold  Mining  Co.  (North  Carolina),  87  Southeastern.  40,  p  41,  December,  1915. 

DISSOLUTION   ON   ORDER  OF  COURT. 

A  mining  corporation  is  properly  dissolved  by  a  court  on  applica- 
tion of  a  stockholder  where  by  reason  of  the  gross  mismanagement 
of  its  affairs  it  was  in  imminent  danger  of  insolvency  and  danger 
that  the  estate  and  effects  would  be  wasted,  and  because  it  had 
ceased  to  do  business. 

Murphy  v.  Utah  Mining,  Millln<:  A  Transportation  Co.  (Maine),  95  Atlantlo,  887,  p.  888,  December.  1915. 
SALE   OF  PROPERTY — APPOINTMENT  OF  RECEIVER. 

Where  a  corporation  organized  for  the  purpose  of  operating  mining 
claims  owned  by  it,  sold  and  transferred  all  its  mining  claims  and 
where  it  has  ceased  to  do  business  and  its  property  is  liable  to  be 
wasted,  a  receiver  is  properly  appointed  to  wind  up  the  corporation. 

Murphy  V.  Utah  Mining,  Milling  &  Transportation  Co.  (Maine),  96  Atlantlo,  887,  p.  888,  December.  1915. 
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OBNEBAL  FEATTJBB8. 
IKSPBCTIOK  BY  LAND  OFFI0EB8 — ^BIOHT  OF  LOOATOB  TO  INJUNCTION. 

Where  a  register  and  receiver  of  a  local  land  office  have  been 
ordered  and  directed  by  the  Secretary  of  the  Interior  to  examine 
and  determine  whether  the  land  embraced  within  the  boimdaries  of 
an  unpatented  mining  claim  is  mineral  or  nonmineral;  and  whether 
or  not  a  discovery  of  mineral  bearing  vein  has  been  made  with 
reference  to  lode  and  placer  locations,  and  whether  or  not  any  such 
location  has  been  made  in  good  faith  for  mineral  purposes  or  for 
speculative  purposes  and  to  be  used  in  Qonnection  with  trade  and 
business,  and  where  such  register  and  receiver  are  proceeding  to 
carry  out  such  orders,  a  court  has  no  jurisdiction  to  restrain  such 
register  and  receiver  from  executing  such  orders  of  the  Secretary  of 
the  Interior. 

Ctmeron  p.  Weedln,  226  Federal.  44. 

JUBISDIGmON    OF    LAND    DEPABTMBNT    TO    DBTERIONB    MINERAL 

OHABAGTEB. 

The  General  Land  Office  is  without  jurisdiction  to  inspect  and 
examine  an  unpatented  mining  claim,  in  the  absence  of  an 
appUcation  for  patent,  to  determine  whether  the  land  embraced 
within  the  boimdaries  is  mineral  or  nonmineral,  or  whether  a  dis- 
covery of  a  mineral-bearing  vein  has  been  made,  and  whether  or  not 
the  location  has  been  made  in  good  faith  for  mineral  purposes. 

CMnenm  v.  Weedin,  226  Federal,  44,  p.  48. 

P08SB8SOBY  BIGHTS. 
ACTION  TO  QUIET  TITLE. 

Where  an  application  for  patent  was  filed  for  a  group  of  mining 
claims,  and  an  adverse  claim  was  filed  by  which  the  adversije  claimant 
asserted  title  to  one  of  the  group  of  claims,  and  where  it  was  agreed 
that  the  applicant  would  not  claim  or  obtain  patent  for  such  partic- 
ular claim,  and  the  adverse  claim  was  withdrawn  and  the  suit  brought 
thereon  dismissed,  and  where  on  failure  to  comply  with  the  agreement 
the  apphcant  claimed  patent  for  all  the  claims  in  the  group,  and  there- 
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upon  the  adverse  claimant  brought  a  separate  action  alleging  gener- 
ally the  facts  and  history,  such  action  was  in  its  nature  and  under  the 
averments  of  the  petition  of  the  complaint  an  action  to  quiet  title  and 
not  an  application  to  acquire  a  patent  from  the  United  States  to  the 
particular  claim  in  controversy,  nor  was  it  a  suit  upon  the  adverse 
claim,  and  the  plaintiff  imder  the  allegations  of  his  pleading  was 
entitled  to  be  heard  and  have  his  rights  determined. 

PoDda  9.  E»g\e  (Idaho),  152  Pacific,  208,  p.  209,  October,  1915. 

INVALID    LOCATION — ^LOOATOB's    RIGHT    AS    AGAINST    STRANGER. 

• 

The  title  of  a  locator  under  a  mining  location  merely  without 
discovery  of  minerals  is  totally  invalid  and  of  no  effect  only  in  a 
qualified  sense,  as  such  title  by  a  location  and  possession  is  good  as 
against  every  person  contending  i^ainst  it,  except  the  paramount 
owner,  the  Government  of  the  United  States.  The  possession  of  a 
person  making  such  a  location  with  the  view  of  making  a  discovery  of 
oil  can  not  have  such  possession  disturbed  by  strangers. 

Hullinger  r.  Big  Sespe  Oil  Co.  (California),  151  Pacific,  369,  August,  1915. 


STATUTES  RELATING  TO  MINING  OPERATIONS. 

CONSTBUOTION,  VAUDITT,  AND  SFFEOT. 
LEGISLATIVE   POWER — ^REOULATINQ   COAL  .MINING. 

The  legislature  of  a  State  has  power  to  pass  laws  regulating  an 
extra  hazardous  business,  such  as  coal  mining,  and  to  provide  for 
benefits  in  case  of  injury  or  death,  upon  the  ground  that  it  involves  an 
intention  to  reduce  economic  waste,  to  obviate  breaches  and  dissen- 
sions between  employers  and  employees,  to  raise  the  standard  of 
citizenship,  to  lower  the  general  burden  of  taxation,  and  to  promote 
peace,  order,  and  morals,  as  well  as  upon  the  ground  that  such  an  act 
is  the  proper  exercise  of  the  police  power. 

Hunter  v.  Colfiuc  Cansolidatod  Coal  Co.  (Iowa),  154  Northwestern,  1087,  p.  1061,  November,  1915. 
See  Cunningham  v.  Northwestern  Improvement  Co.,  44  Montana,  180, 119  Padflo,  654. 

miners'    COMPENSATION   ACT. 

A  law  known  as  a  miners'  compensation  act  is  held  valid  though  it 
provides  a  summary  method  for  the  disposition  of  claims  filed  under 
the  law,  and  such  an  act  is  not  unconstitutional  as  conferring  judicial 
power  on  a  State  ofiicer  having  charge  and  oversight  of  its  adminis- 
tration. 

Hunter  v.  Cotfiaz  Consolidated  Coal  Co.  (Iowa),  154  Northwestern,  1037,  p.  1061,  November,  1015. 
Bee  Cunningham  v.  Northwestern  Improvement  Co.,  44  Montana,  180, 110  Padflc,  554. 

workmen's  compensation  law. 

The  West  Virginia  workmen's  compensation  act  is  such  a  statute  as 
it  is  in  the  power  of  the  legislature  to  pass.  The  act  does  not  make  an 
employer  Uable  except  in  cases  of  his  own  direct  or  indirect  negligence 
or  wrongful  act,  and  the  defenses  of  contributory  negligence  and  as- 
sumption of  risk  which  are  inhibited  or  barred  are  such  as  the  legis- 
lature has  a  clear  right  to  eUminate  for  reasons  of  public  poUcy. 

Pe  Francesco  v.  Piney  Mining  Co.  (West  Virginia),  80  Southeastern,  777,  p.  778,  October,  1915. 

EFFECT  ON  BIOHT  TO  CONTRACT. 

The  Iowa  workmen's  compensation  act  as  applied  to  mining  and 
other  corporations  prohibits  any  contract,  rule,  or  regulation  that 
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shall  operate  to  relieve  an  employer  from  any  liability  created  by  the 
act,  except  as  the  act  itself  provides;  and  it  makes  any  device  by 
which  the  employee  is  to  pay  an  insurance  premium  against  the  com- 
pensation provided  in  the  act  null  and  void,  and  permits  no  wages  to 
be  withheld  for  the  purpose  of  paying  premiums,  and  prevents  an 
employee  from  waiving  any  provisions  of  the  act  if  the  statutory 
compensation  is  thereby  lessened.  But  another  section  provides  that 
the  fixed  amount  of  compensation  can  not  be  reduced  by  contribution 
from  employees.  These  are,  however,  in  essence,  guards  against  con- 
tracts to  reduce  liability  for  negligence;  and  instead  of  being  an  inva- 
sion of  the  right  of  contract  they  are  precautions  against  allowing  an 
employer  to  first  accept  the  act  and  then  avoid  it  by  subterfuge,  and 
thus  what  is  taken  away  is  not  the  right  to  bargain,  but  the  right,  by 
deviousness,  to  break  the  bargain  made,  and  aside  from  this  the  right 
to  contract  is  not  infringed  by  the  provisions  aimed  to  insure  compli- 
ance with  contracts  entered  into. 

Hunter  ..  Colfax  Consolldatod  Coal  Co  (Iowa),  154  Northwestern  1087,  p.  1040.  Novemlwr,  1916. 

CONTRACTS  TO  THE  DISADVANTAGE  OF  THE  EMPLOYEE  PBOHIBFrED — 

EFFECT  ON   VALIDITY. 

The  provision  of  section  3  of  the  Iowa  workmen's  compensation 
act  as  to  the  presumption  arising  when  an  employee  rejects  the 
benefit  of  the  act  and  the  provision  of  section  19  as  to  the  presump- 
tion of  fraud  in  a  contract  of  settlement  made  by  an  injured  miner 
can  not  be  said  to  interfere  with  the  right  to  contract,  as  the  legis- 
lature having  power  to  enact  a  valid  compensation  act  always  has 
power  to  make  provisions  against  having  the  legislative  intent  as 
to  such  act  thwarted,  and  to  put  the  ban  on  such  influences  inter- 
feres with  no  right  of  contract,  but  simply  heads  oflF  methods  of 
evading  and  crippling  the  act.  One  imderlying  purpose  of  the 
act  is  to  promote  acceptance  by  the  employee  of  the  benefits  of  the 
act,  and  the  provision  of  section  19  is  an  attempt  to  prevent  fraud  in 
dealing  with  an  injured  employee  and  is  intended  to  guard  against 
the  nullification  of  the  act  through  the  employer's  obtaining  a  con- 
tract to  the  disadvantage  of  the  employee  when  he  may  be  physically 
and  financially  in  distress ;  but  the  act  does  not  in  fact  prevent  or 
make  void  the  contract,  but  only  makes  it  presumptively  fraudulent, 
merely  changing  the  burden  of  proof  as  to  the  vaUdity  of  such 
contracts. 

Banter  v.  Colfax  Consolidated  Coal  Co  (Towa).  164  Northwestern,  1037,  p  1060,  November,  1916. 

LIMITING   POWER  TO  CONTRACT. 

A  statute  preventing  miners  employed  at  quantity  rates  from 
contracting  for  wages  upon  the  basis  of  screened  coal,  instead  of  the 
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weight  of  the  coal  as  originally  produced  in  the  mine,  is  not  inyalid 
and  unconstitutional  because  it  limits  or  deprives  persons  of  the 
right  to  contract. 

Hmitv  9.  GoUaz  Coosolldatod  Coal  Co.  (Iow»),  154  Nortliwwterii,  1087,  p.  1051,  N<yvemb«r,  19!15l 

OLASSIFIOATION   AS  TO  MINING. 

The  workmen's  compensation  act  of  Iowa  is  not  unconstitutional 
on  the  groimd  of  class  legislation  and  because  it  applies  to  coal 
mining  and  excepts  from  its  operation  domestic  servants^  farm  or 
other  laborers  engaged  in  agricultural  pursuits,  and  persons  whose 
employment  is  of  a  casual  nature,  and  those  engaged  in  clerical 
labor,  as  the  differentiation  between  coal  mining  and  some  or  all  of 
such  excepted  persons  is  not  arbitrary  but  natural  and  justified,  and 
strict  equaUty  is  neither  necessary  nor  practically  obtainable;  and 
accordingly  the  act  is  not  subject  to  the  charge  of  class  legislation. 

Hunter  v.  CdifuL  Cooaolidated  Coal  Co  (Iowa),  154  Northwestern.  1037,  p  1053.  Norember.  1915 

OUSTING  JURISDICTION   OP   COURT. 

The  Iowa  workmen's  compensation  act  is  not  invalid  on  the 
ground  that  it  ousts  the  courts  of  all  jurisdiction  to  try  controversies 
between  employers  and  employees.  Even  if  it  did  this,  the  acceptance 
of  the  act  is  elective  and  when  rejected  the  full  dispute  between  the 
parties  may  be  submitted  to  a  court  by  ordinary  proceedings  and 
tried  in  the  usual  manner;  and  while  some  rules  of  procedure  are 
changed,  some  defenses  are  eUminated,  and  there  is  some  change  in 
the  burden  of  proof,  yet  the  objection  is  not  sustained  that  on  rejec- 
tion of  the  act  the  courts  no  longer  have  jurisdiction  to  try  suits 
for  injury  to  an  employee.  It  is  true  that  when  the  statute  is 
accepted  it  does  operate  to  take  from  the  courts  so  much  of  the  con- 
troversy as  is  determined  by  applying  the  statutory  schedules 
through  the  agency  of  the  statutory  arbitrators;  but  it  does  not  con- 
stitute an  agreement  for  complete  ouster  of  jurisdiction  of  the  courts 
to  provide  by  contract  for  the  arbitration  of  special  matters,  leaving 
ultimate  UabiUty  or  noiiliabiUty  to  be  settled  by  the  courts.  But 
the  very  basis  of  power  to  award  compensation  imder  the  act  is  that 
its  provisions  must  first  be  accepted  and  that  the  claimant  must  be 
an  employee  and  that  he  must  have  sustained  personal  injuries 
arising  out  of  and  in  the  course  of  the  employment  and  that  the 
compensation  shall  be  at  rates  fixed  by  the  statute;  and  arbitration 
is  provided  for  only  when  the  employer  and  employee  fail  to  reach 
an  agreement  in  regard  to  compensation  imder  the  act.  The  utmost 
the  statute  does  is  to  provide  administrative  machinery  for  applying 
rates  of  compensation  fixed  by  the  legislature  as  between  the  parties 
who  have  agreed  to  have  the  amount  of  compensation  thus 
determined. 

Hun^  c.  Coilax  CooKMidated  Cock  Oo.  (Jow»\  154  N  Nrt'awes^ern.  1037,  p.  I(j63.  Novembe*   1015. 


STATUTES  BELATING  TO  MINING  OPERATIONS.  17 

IOWA   0OMPEN8ATION   ACT — DEFENSES   TAKEN   AWAY. 

The  workmen's  compensation  act  of  Iowa  (Acts  of  35th  General 
Assembly,  chap.  147)  takes  from  the  employer,  if  he  accepts  the 
provisions  of  the  act,  the  following  defenses:  (1)  That  the  employee 
assmned  the  risks  inherent  in,  or  incident  to,  or  arising  out  of  the 
employment;  (2)  that  the  employee  assimied  the  risks  arising  from 
the  f ailm«  of  the  employer  to  provide  and  maintain  a  reasonably  safe 
place  for  the  employee  to  work;  (3)  that  the  employee  assumed  the 
risks  arising  from  the  failure  of  the  employer  to  furnish  reasonably 
safe  tools  and  appliances;  (4)  that  the  employer  exercised  reasonable 
care  in  selecting  reasonably  competent  employees;  and  (5)  that  the 
injury  was  caused  by  the  negUgence  of  a  fellow  servant  or  coemployee. 

Hunter  r.  Colbx  Consolidated  Coal  Co.  (Iowa)|  154  Northwestern.  1087,  p.  1040,  November,  I9lb 
PBESUMFTION  AS  TO  NEGLIGENCE — BURDEN   OF  PROOF. 

The  workmen's  compensation  act  of  Iowa  provides  that  in  case  of* 
injury  to  an  employee  it  shall  be  presumed:  (1)  That  the  injury  was 
the  direct  result  and  grew  out  of  the  negligence  of  the  employer;  (2) 
that  such  negligence  was  the  proximate  cause  of  the  injury,  and  in 
such  case  the  burden  of  proof  shall  rest  upon  ^the  employer  to  rebut 
the  presumption  of  negligence.  But  this  does  not  deprive  the  em- 
ployer of  the  right  to  show  he  was  wholly  free  from  blame,  but  casts 
upon  him  the  affirmative  of  showing  that  he  is  blameless,  and  in  effect 
says  that  the  employee  need  not  prove  the  employer  was  at  fault,  but 
the  latter  must  show  that  he  was  free  from  fault. 

Hnntsr  9.  Cdfu  Coosdfdated  Coal  Ca  (Iowa),  164  Northwestern,  1037,  p.  1041,  November,  191A. 
UABILITT  IN   ABSENCE  OF    NEGLIGENCE. 

A  law  that  attempts  to  make  a  mining  company  or  other  corpora- 
tion liable  for  accidents  which  were  not  caused  by  its  negligence,  or  by 
its  disobedience  of  some  l^w,  but  caused  by  the  negligence  of  others, 
or  by  uncontrollable  causes,  or  that  does  not  give  the  mining  company 
or  corporation  an  opportunity  to  show  such  facts  in  its  own  defense,  is 
void. 

Hunter  v.  Goltex  ConaoUdatod  CofJ  Co.  (Iowa),  IM  Northwestern,  1037,  p.  1046,  November.  1916. 
BUBDBN  TO   SHOW   FREEDOM  FROM  NEGLIGENCE. 

The  Iowa  workmen's  compensation  act  provides  that  the  only 
negligence  of  an  injured  employee  which  is  available  as  a  complete 
defense  is  negligence  which  is  self-inflicted  or  injury  which  is  the  result 
of  intoxication;  but  the  employer  is  at  hberty  to  prove  that,  either  by 
reason  of  the  negligence  of  the  plaintiff,  or  for  any  other  reason,  he  was 
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wholly  free  from  fault.  While  under  the  act  it  was  to  be  presumed  that 
the  proximate  injury  of  the  employee  was  the  direct  result  of  negli- 
gence on  the  part  of  the  employer,  and  the  burden  of  proof  is  cast  upon 
the  employer  to  rebut  this  presumption,  and  to  show  affirmatively 
that  no  negligence  of  his  caused  the  injury,  the  rules  as  to  pre- 
sumptions and  burden  of  proof  are  court  made  and  can  be  changed  or 
abrogated  by  the  legislature;  and  if  the  court  could  place  the  burden 
on  the  injured  employee  to  prove  his  freedom  from  contributory 
negligence,  the  legislature  may  abolish  this  rule  and  place  the  burden 
upon  the  employer  to  show  that  he  was  not  negUgent. 

Hunter  v.  ColCax  ConaoUdated  Coal  Co.  (Iowa),  154  Northwestern.  1037,  p.  1066|  November,  101& 
INDUCING     MINER     TO     REJECT     BENEFIT    OF    STATUTE — EFFECT. 

Section  3  of  the  Iowa  workmen's  compensation  act  provides  that 
if  by  or  on  behalf  of  the  employer  any  request,  suggestion,  or  demand 
was  made  that  an  employee,  or  a  person  seeking  employment,  shall 
'  exercise  his  right  to  reject  the  act,  there  shall  arise  a  conclusive  pre- 
sumption that  such  employee  or  applicant  was  unduly  influenced  to 
exercise  this  right  and  that  the  rejection  made  under  such  circum- 
stances shall  be  conclusively  presumed  to  have  been  procured  through 
fraud  and  be  null  and  Void. 

Hunter  v.  Colbx  Consolidated  Coal  Co.  (Iowa),  IM  Northwestern,  1087,  p.  1050,  November,  1916. 
ACCEPTANCE    OF    WORKMEN'S    COMPENSATION    ACT   NOT    COMPULSORY. 

The  Iowa  workmen's  compensation  act  is  not  subject  to  the  charge 
of  unconstitutionaUty  on  the  ground  that  it  compels  an  employer 
to  accept  its  provisions  and  then  deprives  him  of  certain  rights.  The 
statute  does  not  compel  acceptance,  but  it  does  provide  that  the  pre- 
sumption that  the  employer  has  elected  to  accept  its  provisions  pre- 
vails unless  certain  prescribed  notices  are  given  by  him;  but  this  does 
not  compel  him  to  accept  the  act,  but  is  merely  a  provision  as  to  what 
he  must  do  to  avoid  a  presumption  that  he  has  accepted  it;  and  the 
claim  is  wholly  immaterial  where  a  complaining  corporation  concedes 
that  it  has  rejected  the  provisions  of  the  statute. 

Hunter  v.  CoUax  Consolidated  Coal  Co.  (Iowa).  154  Northwestern,  1087,  p.  1008,  November,  1916. 
RIGHT  TO  QUESTION   VALIDITT  OF  STATUTE. 

An  attack  upon  the  constitutionaUty  of  the  Iowa  workmen's  com- 
pensation law  by  a  mine  operator  wiU  not  be  justified  or  permitted  on 
the  ground  that  it  may  be  so  construed  as  to  invade  private  rights 
secured  by  the  constitution,  unless  such  mining  corporation  shows 
that  in  the  case  it  presents  the  effect  of  applying  the  statute  is  to  de- 
prive it  of  a  constitutional  right.  But  if  acceptance  of  the  act  is 
elective,  then  the  claim  of  its  invading  constitutional  rights  wiQ  fail. 

Hunter  t.  Colfax  Consolidated  Coal  Co.  (Iowa)  154  North wpstem,  1037,  p.  1048,  November  1915. 
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TRIAL    BY    JURY    LIMITED    BUT    NOT    DENIED. 

The  Iowa  workmen's  compensation  act  does  not  accomplish  a 
denial  of  the  right  of  trial  by  a  jury,  particularly  in  cases  where  the 
employer  rejects  the  compensation  statute;  and  the  fact  that  the 
statute  accomplishes  giving  the  jury  less  to  do  than  formerly,  ar.d 
changes  the  character  of  its  work,  in  that  a  jury  will  no  longer  consider 
whether  the  employeee  should  be  defeated  because  the  evidence  shows 
he  assumed  the  risk  of  being  injured  as  he  was  and  can  not  consider 
the  question  as  to  whether  the  alleged  injury  was  due  to  the  negligence 
of  a  fellow  servant  nor  whether  the  injured  employee  has  proved  that 
his  injury  is  due  to  the  negligence  of  the  employer,  but  begins  its 
inquiries  by  assuming  the  employer  was  negligent  and  then  considers 
whether  the  employer  has  proved,  notwithstanding  this  presumption, 
that  he  was  wholly  free  from  fault,  does  not  amount  to  a  denial  of  a 
trial  by  jury  but  merely  changes  the  rules  under  which  such  trial  shill 
proceed. 

Hunter  v.  Colfex  ConsoUdated  Coal  Co.  (Iowa),  IM  Northwestern,  1037,  p.  1066,  November.  1916. 
CONSTRUCTION   OF  STATUTE — SPACE   AT  SIDE   OP  TRACKWAY. 

Section  8582,  Bums'  Statutes  of  Indiana,  makes  it  imlawful  for 
an  owner  or  operator  of  a  coal  mine  to  construct  an  entry  or  track- 
way in  a  coal  mine  without  a  space  of  at  least  3  feet  on  one  or  both 
sides,  so  that  drivers  may  get  away  from  the  car  and  track  in  event 
of  collision,  wreck,  or  accident;  and  the  term  entry  or  trackway 
applies  to  a  place  where  a  track  is  laid  rather  than  to  the  track  itself, 
and  was  intended  to  give  sufficient  room  to  provide  a  safe  place  for 
the  car  drivers  in  case  of  an  accident,  and  the  failure  of  an  operator 
or  owner  to  furnish  such  space  may  be  the  proximate  cause  of  an 
injury  to  a  driver  injured  after  an  accident  produced  by  other 
causes,  where  he  is  imable  to  escape  by  reason  of  the  operator's 
noncompliance. 

Elder  9.  Erie  Canal  Coal  Co.  (Indiana  Appellate),  100  Northeastern,  806,  p.  806,  October,  191.5. 

DUTIES  IMPOSED  ON  OPERATOR. 

FAILURE  TO  CONSTRUCT  SHELTER  HOLES — KNOWLEDGE  OP  CONDITION. 

Under  the  statute  of  Pennsylvania  the  responsibility  for  the  care 
of  passageways  in  a  mine  rests  upon  the  owner,  and  the  fact  that  the 
owner  has  placed  in  the  mine  a  competent  certified  mine  foreman 
does  not  reUeve  the  owner  from  the  Uability  imposed  by  the  statute. 
The  duty  to  provide  a  proper  passageway  in  a  tunnel  in  a  mine  is  a 
nondelegable  duty  imposed  upon  the  mine  owner  and  is  not  a  statu- 
tory duty  imposed  upon  the  mine  foreman.  While  the  statute  makes 
it  the  duty  of  a  mine  foreman  to  see  that  shelter  holes  are  cut  along 
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main  hauling  roads  in  a  bituminous  coal  minOi  yet  this  does  not 
relieve  the  owner  from  liability  for  injury  to  a  miner  resulting  from 
his  failure  to  comply  with  such  provision,  and  where  such  owner  has 
knowledge  that  the  requirement  has  not  been  comphed  with. 

Barnes  A  Tucker  Coal  Ca  9.  Vonr,  227  Federal,  2S,  p,  29. 

DUTY    OF    OPERATOE   TO    FXTBNISH    PROPS — CUSTOM    AS    TO    PROPPING 

ROOF. 

Under  the  Kentucky  statute  of  1913  and  before  the  amendments 
of  1914  it  was  the  duty  of  a  mine  owner,  after  a  miner  had  selected 
and  marked  them,  to  furnish  to  the  miner  a  sufficient  number  of 
caps  and  props  to  be  used  by  him  in  securing  the  roof  in  his  room, 
and  at  such  other  working  places  where  by  law  or  custom  of  those 
usually  engaged  in  such  employment  it  was  the  duty  of  the  miners 
to  keep  the  roof  propped;  but  this  statute  does  not  apply  where, 
by  custom  or  rule  of  the  mine,  the  duty  of  propping  or  timbering 
does  not  devolve  upon  the  miner  hunself ,  and  where  an  injured  miner 
in  an  action  for  damages  shows  that  under  the  custom  of  the  mine 
no  duty  of  propping  devolved  upon  him. 

Garter  Coal  Co.  v.  Hill  (Kentacky).  179  Soothwestem,  2,  p.  4,  October,  101& 

SAFETY  APPLIANCES — ^APPLICATION  TO  UNFINISHED  MINES. 

Section  28  of  the  Tennessee  act  of  1903  requires  that  the  bucket 
shall  be  covered  and  there  shall  be  certain  structures  inside  of  the 
shaft  to  make  safe  the  ascent  and  descent  of  the  miner,  and  this  act 
applies  to  a  mine  incomplete.  Thus  where  a  shaft  had  been  sunk  to 
a  depth  of  more  than  250  feet,  from  the  foot  of  which  a  drift  was  run 
to  the  location  of  an  old  shaft  on  the  property  with  a  view  to  drilling 
upward  and  reaching  the  bottom  of  such  old  shaft  and  thus  connect- 
ing the  two,  and  where  men  were  taken  up  and  down  the  new  shaft  for 
the  purpose  of  working  in  the  incompleted  mine,  and  in  such  condition 
and  in  so  using  the  shaft  there  was  as  much  need  to  the  miners  of  the 
protection  required  by  the  statute  as  there  could  be  when  the  mine 
was  completed  and  in  active  operation.  The  miners  in  thus  using 
the  shaft  and  in  being  lowered  and  raised  in  the  bucket  did  not 
assume  the  risk  of  the  operator's  failure  to  comply  with  the  statute, 
for  the  reason  that  to  hold  that  miners  did  assume  the  risk  would  be 
equivalent  to  a  repeal  of  the  statute,  as  this  woidd  be  a  continuing 
invitation  for  the  operator  to  forbear  compliance  with  the  statutory 
provision,  and  the  very  purpose  of  the  statute  was  to  protect  those 
who  were  imable  to  protect  themselves,  occupying,  as  the  miners 
necessarily  do,  a  position  much  inferior  in  financial  security  to  that  of 
the  mine  operator. 

American  Zinc  Co.  c.  Qraham  (Tennessee)  179  Southwestern  138  p.  139,  October.  19U. 
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VIOLATION   OF  DUTY  AS   NEQLIGENOE   FEB  SB. 

The  violation  by  a  mine  operator  of  the  terms  of  the  statute  of 
Tennessee  (Laws  1903,  eh.  237,  sec.  28)  requiring  certain  struc- 
tures to  secure  safety  in  mine  shafts  is  negligence  per  se  and  renders 
the  operator  guilty  of  such  conduct  responsible  for  all  injuries  which 
may  be  suffered  as  a  direct  consequence  thereof. 

AxnerJcan  Ztoc  Co.  9.  Oraham  (Tennesne),  170  Soatbwestem,  188,  p.  180,  October,  1015. 
operator's  failure  to  accept  workmen's  COMPENSATION  ACT. 

The  Iowa  workmen's  compensation  act  provides  that  where  both 
the  employer  and  employee  reject  its  provisions  the  liability  of  the 
employer  shall  be  the  same  as  though  the  employee  had  not  rejected 
it;  but  it  contains  another  provision  to  the  effect  that  if  the  employee 
rejects  he  must  suffer,  in  his  suit  for  damages  for  injuries,  the  employ- 
er's right  to  plead  and  rely  upon  any  and  all  defenses,  including  those 
at  common  law,  and  the  rules  and  defenses  of  contributory  negligence 
and  assumption  of  risk  and  fellow  servant,  with  perhaps  certain 
limitations;  and  it  is  further  provided  that  compensation  imder  the 
act  is  to  be  awarded  only  if  both  have  done  what  amoimts  to  accept- 
ance of  the  act.  Construed  as  a  whole,  the  act  does  penalize  the 
employee  who  rejects  it,  and  while  the  penalties  imposed  upon  the 
employer  and  employee  may  not  be  precisely  the  same,  yet  this  is 
not  vital  and  does  not  sustain  a  broad  charge  that  an  arbitrary 
difference  is  created  as  to  the  consequences  of  conduct  which  is,  in. 
substance,  alike.  But  were  it  otherwise  the  poUce  power  may  be 
invoked  to  sustain  some  differentiations  in  favor  of  the  employee,  on 
the  theory  that  this  is  a  method  of  protecting  him  for  the  public 
good  against  the  actual  inequality  between  him  and  his  employer. 

HimtM'  9.  Colbx  Consolidated  Coal  Co.  (Iowa),  154  Northwestern,  1087,  p.  1053,  November,  1915. 
DUTY    TO    INSULATE    CABLE — LIABILTTT    FOR    BREACH    OF    DUTY. 

The  fact  that  a  mine  owner  failed  to  keep  a  cable  properly  insulated 
was  a  violation  of  the  statute  and  was  negligence  per  se,  and  while  the 
rule  might  apply  though  the  cable  was  operated  in  an  unused  air 
course,  being  but  a  rough  passageway  for  the  circulation  of  outer  air 
and  used  only  as  a  conduit  for  the  cable,  yet  the  mine  owner's  violation 
of  the  statute  would  be  a  breach  of  duty  only  to  those  persons  who 
were,  when  injured  thereby,  rightfully  present  at  the  place  of  contact 
and  danger  and  in  the  exercise  of  their  legal  rights. 

Patterson  v.  Alabama  Fuel  &  Iron  Co.  (Alabama),  09  Southern,  952,  p.  954,  November,  1915w 
PROVIDING   PLACE   FOR   STORING   POWDER. 

The  statutes  of  Alabama  (Gen.  Sess.  Acts,  1911,  p.  530,  sees. 
S4  and  85),  require  that  powder  in  mines  shall  be  kept  in  locked 
wooden  boxes  not  nearer  than  100  feet  to  any  working  place;  and  a 


22  MIKING  DECISIONS. 

mine  owner  who  prepares  and  keeps  a  proper  box  at  the  required 
distance  for  the  use  of  a  miner  can  not  be  held  liable  for  the  death  of  a 
miner  who,  without  the  knowledge  or  consent  of  the  mine  owner, 
kept  and  stored  his  powder  in  a  different  and  dangerous  place  in  tho 
mine. 

Psttenan  v.  Alabama  Fnal  A  Iron  Co.  (Alabama),  09  Soutbern,  982,  p.  954,  November,  1915. 

DUTY    TO    INSTRUCT    INEXPERIENCED    MINER — EXTENT    AND    APPLICA- 
TION   OP  DOCTRINE. 

Neither  the  statute  of  West  Virginia  nor  the  common  law  requires 
a  master  to  instruct  a  miner  as  to  dangers  of  which  he  has  knowledge 
or  as  to  means  of  avoidance  fully  known  to  him;  but  the  statutory 
requirement  proceeds  upon  the  theory  of  lack  of  knowledge  in  the 
employee  as  it  applies  only  to  inexperienced  miners.  The  common 
law  imposes  no  duty  to  instruct  a  servant  of  full  age  and  average 
intelligence  as  to  elements  of  danger  that  arc  obvious  to  persons  of  his 
class,  and  a  mine  operator  is  under  no  duty  to  instruct  as  to  acts  and 
things  commonly  known  to  be  dangerous.  To  exact  such  a  duty, 
under  the  statute  abrogating  assumption  of  risk  and  contributory 
negUgence,  would  be  violative  of  the  letter  and  spirit  of  that  portion 
thereof  which  imposes  liability  only  for  negligence  or  other  wrongful 
act  causing  injury  and  would  make  the  employer  a  guarantor  of  the 
safety  of  the  employee  from  the  consequence  of  his  own  careless 
acts. 

De  Francesco  r.  Piney  Mining  Co.  (West  Virginia),  86  Soutbeastem,  777,  p.  779,  October,  1915. 
DUTY    TO    FURNISH    PROPS — STATUTORY    ACTION    NOT    EXCLUSIVE. 

Whether  a  petition  in  an  action  for  the  death  of  a  miner  caused 
by  a  fall  of  rock  from  the  roof  states  a  cause  of  action  will  not  be 
determined  by  the  provisions  of  section  8473,  Missouri  Revised 
Statutes  of  1909,  relating  to  the  duty  of  a  coal-mine  operator  to 
furnish  props  when  requested,  as  the  remedy  given  by  this  seclion  is 
not  exclusive,  where  it  appears  that  the  petition  is  based  on  the 
common-law  Uability. 

Atwell  V.  Marceline  Coal  &  Mining  Co.  (Missouri  Appeals),  180  Southwestern,  400,  p.  401,  November, 
1916. 

DXTTIES  IMPOSED  ON  MINER. 

miner's    DUTY    TO    KEEP    OUT    OF    DANGEROUS    PLAGE. 

There  can  be  no  recovery  for  the  death  of  a  miner  under  tho 
Virginia  mining  act  of  1912  where  the  evidence  shows  that  the 
deceased  miner  violated  the  statute  in  not  staying  out  of  the  place 
where  he  was  killed  until  he  got  sufficient  props  to  make  the  place  safe 
and  violated  the  statute  in  undertaking  to  work  in  a  place  before  he 
had  made  it  safe. 

Virginia  Iron,  Coal  &  Coke  Co  r.  Asbury  (Virginia),  86  Soutbeastem,  148,  p.  151,  Feptember,  1915. 
Huettel  Coal  &  Colce  Co.  v.  Lav^rence  (Virginia),  SO  Southeastern,  151,  i^eptember,  1915. 
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NEGUGSNCE  OF  MINB   SUPEBINTEin>ENT  OB  FOBEICAN. 
OPEBATOR    NOT   LIABLE   FOR    NEGLIGENCE   OF   MINE   FOREMAN. 

The  bituminous  mining  act  of  Pennsylvania  of  1911  places  the 
management  of  the  inner  workings  of  bituminous  coal  mines  in  the 
hands  of  a  certified  mine  foreman,  and  neither  he  nor  his  assistants 
whom  he  appoints  are  agents  of  the  mining  company  and  the  com- 
pany is  not  responsible  for  their  acts  unless  it  has  notice  that  an 
emergency  or  danger  has  arisen  demanding  immediate  action  and 
that  the  mine  foreman  and  his  assistants  are  not  discharging  their 
duties  with  regard  thereto;  but  the  mining  company  is  responsible 
if  it  has  failed  to  comply  with  the  orders  of  the  mine  foreman.' 

Vagaszkl  v.  Consolidated  Coal  Co.,  225  Federal,  913,  p.  915. 
KNOWLEDGE     OF     DANGEROUS     CONDITIONS —OPERATOR     LIABLE     FOR 

foreman's  NEGLIGENOE. 

The  Pennsylvania  mining  act  of  1891  does  not  relieve  a  mine 
operator  from  liability  for  his  own  neglect  or  failure  of  duty;  and  if 
through  any  neglect  or  failure  of  duty  he  causes  injury  to  one  of  his 
employees  the  general  rule  applicable  in  such  cases  subjects  the 
owner  to  damages  for  such  default,  and  if  there  is  a  dangerous  condi- 
tion existing  in  the  mine  which  is  permitted  by  the  negligence  of  a 
mine  foreman  resulting  in  injury  to  an  employee,  the  mine  owner 
will  be  responsible  if  he  has  knowledge  of  the  fact  and  takes  no 
steps  to  remove  it,  as  the  owner  can  not  neglect  his  duty  and  escape 
liability,  and  the  statute  expressly  provides^ that  the  owner  shall  use 
every  precaution  to  insure  the  safety  of  the  workmen  in  all  cases 
whether  provided  for  in  the  act  or  not. 

MoCoUom  9.  Pennsylyania  Coal  Co.  (Pennsylvania),  96  Atlantic,  880,  p.  381,  May,  1915. 
KNOWLEDGE  OF  NEGLIGENOE   OF  BONE  FOREMAN. 

When  a  mine  owner  has  knowledge  of  conditions  in  a  mine  which 
are  hazardous  to  employees,  or  has  knowledge  of  the  failure  of  the 
mine  foreman  to  properly  perform  his  duty  in  safeguarding  the  lives 
of  the  miners,  it  is  the  operator's  duty  to  remedy  such  dangerous  con- 
dition; and  a  failure  on  his  part  to  do  so  will  give  rise  to  liability  which 
he  can  not  avoid  by  a  pleading  that  the  danger  arose  through  the  act 
of  the  mine  foreman,  for  whose  negligence  he  is  not  responsible. 

McCollom  V.  Pennsylvania  Coal  Co.  (Pennsylvania),  95  Atlantic,  380,  p.  381,  May,  1915. 

FAILURE  OF  OWNER  TO  PROVIDE  ALARM    FOR   CARS — LIABILITY    FOR 

NEGLIGENOE   OF  FORiaiAN. 

Rule  44  of  the  act  of  1891  of  Pennsylvania  requires  an  efficient 
alarm  to  be  provided  and  attached  to  the  front  end  of  every  train  of 
cars  operated  by  locomotrve  in  any  mine  or  part  of  a  mine;  and  this 
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applies  not  only  to  the  main  roadway  of  the  mine,  but  extends  to  every 
siding  in  every  heading  of  the  mine;  and  the  duty  to  provide  the 
alarm  is  one  which  in  its  very  nature  devolves  upon  the  mine  owner 
in  so  far  as  providing  the  alarm  is  concerned,  and  the  failure  or  the 
negligence  of  a  mine  foreman  to  perform  this  duty,  if  known  to  the 
operator,  or  if  it  had  continued  for  so  long  a  period  that  it  should  have 
been  known  to  the  operator  or  owner,  will  render  him  liable  for  injuries 
resulting  from  either  his  own  or  the  foreman's  negligence  in  this 
respect. 

MoCoIlom  V.  PflDnsylvania  Coal  Co.  (Pennsylvania),  96  Atlantic,  880,  p.  881,  May,  191S. 

workmen's  OOMPENSATION  act — ^EFFECT  ON  NEGLIGENCE  OF  STATU- 
TORY MINE   FOREMAN. 

Section  26  of  chapter  15  (Code  Sec.  476)  of  the  workmen's  com- 
pensation act  of  West  Virginia  makes  it  the  duty  of  a  mine  foreman 
or  his  assistant  to  see  that  every  pei-son  employed  to  work  in  a  mine 
shall  before  beginning  work  be  instructed  as  to  the  particular  danger 
incident  to  his  work  in  the  mine,  and  requires  every  inexperienced 
person  to  work  under  the  direction  of  the  mine  foreman  or  some 
other  experienced  worker  designated  until  he  is  familiar  with  the  dan- 
ger incident  to  his  work.  Under  the  law  as  it  was  before  the  enact- 
ment of  the  workmen's  compensation  act  the  mine  operator  was 
not  Uable  for  the  result  of  the  nonperformance  of  this  duty,  as  the 
mine  foreman  was  regarded  as  a  fellow  servant  whose  n^ligent  acts 
were  governed  by  the  fellow-servant  rule.  But  section  26  of  the 
workmen's  compensation  act  specifically  takes  away  this  right  of  de- 
fense and  provides  that  an  employer  who  n^lects  to  take  the  benefit 
of  the  act  ^' shall  not  avail  himself  of  any  defense  that  the  negligence 
in  question  was  that  of  some  one  whose  duties  are  prescribed  by 
statute. "  The  effect  of  this  provision,  read  in  connection  with  another 
provision  of  the  same  section  making  the  employer  Uable  for  the 
wrongful  act,  neglect,  or  default  of  any  of  his  officers,  agents,  or  em- 
ployees, is  to  make  the  mine  foreman  virtually  a  vice  principal. 

De  Franowoo  v,  Piney  Mining  Co.  (West  Virginia),  86  Southeastern,  777,  p.  778»  October,  191K. 

UABiLrry  for  negligence  of  bank  boss. 

A  recovery  for  an  injury  to  a  miner  is  sufficiently  sustained  where 
the  miner  went  into  his  room  either  at  the  direction  or  with  the  knowl- 
edge and  consent  of  the  bank  boss,  and  where  there  was  evidence 
from  which  the  jury  could  infer  that  such  bank  boss  knew  of  the 
existence  of  gas  in  the  room,  or  negligently  failed  to  ascertain  the  fact 
before  ordering  or  permitting  the  miner  to  enter  the  room. 

Woodward  Iron  Go.  9.  Lowtfa«r  (Alabama),  flO  Sonttiem,  877,  p.  S78,  October,  191B, 
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ENOWLEDGE    OF   DANGEROUS    CONDITION — ^JOINT    UABIUTT    FOB    IN- 

JUBIES  TO  lONEBS. 

The  mining  act  of  Pennsylvania  does  not  relieve  the  owner  or  opera- 
tor from  liability  for  his  own  n^lect  or  failure  of  duty,  and  there  may 
be  cases  in  which  both  the  mine  foreman  and  the  mine  owner  may  be 
liable  to  an  injured  miner.  Thus,  if  through  any  neglect  or  failure  of 
duty  the  mine  owner  causes  an  injury  to  one  of  his  employees,  the  gen- 
eral rule  applicable  in  such  case  subjects  the  owner  to  damages  for 
such  default;  or,  if  there  is  a  dangerous  condition  existing  in  the  mine 
which  is  permitted  by  the  negligence  of  the  mine  foreman,  resulting 
in  injury  to  an  employee,  the  mine  owner  will  be  responsible  if  he  has 
knowledge  of  the  fact  and  takes  no  steps  to  remove  such  dangerous 
condition,  as  the  owner  can  not  neglect  this  duty  and  escape  respon- 
sibility, as  the  statute  requires  the  owner  to  use  every  precaution  to 
insure  the  safety  of  the  workmen  in  all  cases,  whether  provided  for  in 
the  statute  or  not. 

BarnM  &  Tuokar  Coal  Co.  9.  Vosar,  227  Fedflral,  25,  p.  9^ 

EFFECT  ON  CONTBIBT7TOBY  NEGLiaENOB. 

OONTBIBUTOBT    NEGLIGENCE    OF    MINEB — ^VIOLATION    OF    STATUTORY 

DUTY. 

The  purpose  of  the  Virginia  statute  of  1912,  known  as  the  Mining 
Act,  was  to  promote  the  safety  of  miners  and  was  not  intended  to 
relieve  employees  or  miners  in  mining  operations  from  exercising 
that  degree  of  care  and  diligence  for  their  own  safety  which  the  law  re- 
quired prior  to  the  enactment,  as  it  expressly  provides  that  it  shall 
be  the  duty  of  each  miner  to  properly  prop  and  secure  his  place  in 
order  to  make  the  same  secure  for  him  to  work  therein,  and  prohibits 
a  miner  from  working  imless  he  has  props  and  timbers  suf&cient  to 
make  the  place  secure,  and  if  a  miner's  place  becomes  dangerous  and  is 
known  so  to  him  he  is  guilty  of  contributory  negligence  in  not  leaving 
his  working  place  until  sufficient  props  arrive  to  make  the  place  secure, 
and  the  statute  imposes  the  duty  on  him  to  leave  his  working  place  as 
soon  as  it  becomes  insecure  from  lack  of  props  as  well  as  upon  the 
operator  to  furnish  props,  and  the  violation  of  this  statutory  duty  by 
a  miner  will  preclude  a  recovery  either  for  an  injury  or  death. 

Virginia  Iron,  CoaI  &  Coke  Co.  v.  Asbury  (Virgiiiia),  86  Southeastern,  148,  p.  149,  September,  1915. 
STATUTE   ABOLISHING   ASSUMPTION   OP  RISE. 

Where  a  miner  is  guilty  of  contributory  negligence  which  was  the 
proximate  cause  of  his  death,  it  is  wholly  immaterial,  so  far  as  the 
instant  case  is  concerned,  whether  the  doctrine  of  assumed  risk  is 
abolished  by  the  statute  or  not. 

Virginia  Iran,  Coal  Sc  Coke  Co. «.  Aebury  (Virginia),  86  Soatheastecn,  148,  p.  lU,  September,  191ft. 
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SUFFICIENCY    OF    ANSWER    OF    CONTBIBUTOBT    NEQLIOENCE    AQAINST 

GENERAL  CHARGE  OF  NEGLIGENCE. 

In  an  action  for  the  death  of  a  mmer  caused  by  a  fall  of  slate  from 
the  roof  because  of  the  negligence  of  certain  employees  who  were  en- 
trusted with  superintendence^  under  the  statute  of  Alabama,  an 
answer  is  sufficient  which  shows  that  the  negligence  of  the  intestate 
concurred  with  that  of  the  employer  to  produce  the  negligence  based 
upon  the  breach  of  duty  on  the  part  of  the  intestate  to  safely  prop  the 
roof  of  the  mine  at  the  dangerous  place,  or  the  failure  to  puU  down 
loose  slate  or  rock  from  the  roof,  or  a  failure  to  keep  the  roof  in  good 
condition,  in  allowing  slate  or  loose  rock  to  remain  in  the  roof  which 
should  have  been  removed,  or  a  failiu*e  to  inspect  the  roof,  as  these 
acts  constitute  a  good  defense  as  against  a  general  charge  of  negUgence 
on  the  part  of  the  defendant  in  failing  to  provide  the  intestate  with  a 
reasonably  safe  place  in  which  to  perform  the  duties  of  his  employment. 

standard  Stoel  Co.  v.  ClifUm  (Alabama),  60  Soathem,  037,  p.  038,  OotolMr,  1015. 

CONTRIBUTORY  NEGLIGENCE  AS  PROXIMATE  CAUSE  OF  DEATH 

DEFENSE. 

In  an  action  for  the  death  of  a  miner  on  the  ground  that  the  mine 
operator  negligently  failed  to  provide  the  miner  with  a  reasonably 
safe  place  in  which  to  perform  the  duties  of  employment,  answers 
are  sufficient  where  they  show  that  the  deceased  miner  was  negligent 
and  that  such  negligence  proximately  contributed  to  his  death,  as  the 
effect  of  the  statute  is  to  make  the  mine  operator  hable  to  answer  in 
damages  to  a  miner  the  same  as  if  he  were  a  stranger  and  not  engaged 
in  the  service  or  employment,  and  accordingly,  if  the  intestate  had 
been  a  stranger,  and  had  been  guilty  of  contributory  negligence  which 
proximately  contributed  to  his  death,  this  would  have  been  a  defense 
to  the  action  stated,  and  must  imder  the  theory  of  the  statute  be  a 
defense  in  an  action  for  the  death  of  the  miner. 

standard  Steel  Co.  v.  Clifton  (Alabama),  60  Soatbem,  037,  p.  030,  October,  lOlS. 

DEFENSE  OF  CONTRIBUTORY  NEGLIGENCE   ABOUSHED. 

The  Iowa  workmen's  compensation  act  abolishes  the  doctrine  that 
an  injured  miner  can  not  recover  because  of  contributory  negligence 
on  his  part,  however  slight,  though  the  negUgence  of  the  operator  may 
be  great  or  gross.  But  the  statute  has  in  fact  added  to  the  defense  of 
contributory  negligence  rather  than  subtracted  from  it,  and  but  for 
this  statute  all  contributory  negUgence  would  be  available  in  mitiga- 
tion of  damages,  and  imder  tlus  statute  there  is  a  right  to  plead  it  in 
mitigation,  plus  the  right  to  plead  some  contributory  negUgence  in  bar, 
and  recovery  may  be  defeated  by  showing  the  employee's  willful 
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intention  to  injure  himself  or  where  the  intoxication  of  the  employee 
was  the  proximate  cause  of  the  injury.  But  in  any  event  the  statute 
abolishes  such  defenses  as  contributory  negligence,  assumption  of 
risk;  and  the  negligence  of  fellow  seryants,  only  where  the  employer  is 
free  to  accept  or  reject  the  statu te,  and  it  violates  no  constitutional 
rights. 

Hunter  v.  Colfax  GoosoUdatod  Coal  Co.  (Iowa),  IM  Northwestonii  1087,  p.  1066,  November,  1916. 
DEFENSE    OF    OONTRIBUTOBT    NEGLIQENOE    IN    BflTIGATING    DAMAGES. 

In  an  action  under  the  Iowa  workmen's  compensation  act  by  a 
miner  for  injuries  alleged  to  have  resulted  from  the  negligence  of  a 
mine  operator,  the  mine  operator  may  plead  and  prove  contributory 
negligence  of  the  injured  iLer  by  way  of  mitigation  of  damages. 

Hunter  v.  Coltax  Consolidated  Goal  Co.  (Iowa),  164  NorUiwestem,  1037,  p.  1060,  November,  1916. 

DEFENSES   AVAILABLE  TO  EMPLOYER. 

The  provision  of  the  Iowa  workmen's  compensation  act  to  the 
effect  that  willful  negligence  of  an  employee,  with  intent  to  cause  his 
own  injury,  and  negUgence  on  his  part,  due  to  intoxication,  remain 
defenses,  deals  with  cases  where  both  master  and  servant  are,  or  may 
be,  in  varying  degrees  to  blame,  and  limits  the  defense  that  the  em- 
ployer is  not  liable  because  the  employee  contributed  to  his  own 
injmry,  either  by  wiUful  self-infliction,  or  by  neghgence  due  to  drunk- 
enness; but  the  fact  that  the  two  specified  acts  of  negligence  on  the 
part  of  the  employee  remain  a  defense  does  not  prevent  an  em- 
ployer from  showing  that  whoever  else  was  to  blame  or  whoever 
contributed,  or  whatever  the  mental  attitude  or  condition  of  the  con- 
tributor may  have  been,  the  employer  himself  was  in  no  manner  to 
blame.  Such  a  provision  settles  how  far  the  negUgence  of  the  employee 
remains  available  as  a  defense,  but  does  not  touch  the  question 
whether  the  freedom  of  the  employer  from  all  blame  remains  a  de- 
fense. 

Hunter  v.  Colfiaz  Consolidated  Coal  Co.  (Iowa),  154  NorUiweetem,  1087,  p.  1041,  November,  1916. 

EFFBOT  ON  ASSUMPTION  OF  BISK. 
miner's   KNOWLEDGE   OF  DANGER — ASSUMPTION  OF  RISK. 

Under  the  bituminous  mining  act  of  Pennsylvania  there  can  be  no 
recovery  for  the  death  of  a  miner  who  was  a  man  of  mature  age  and 
of  extended  experience  as  a  miner  and  had  knowledge  and  apprecia- 
tion of  his  danger,  and  who  knew  that  under  the  mining  act  he  was 
required  to  quit  work  and  vacate  the  place,  where  his  working  place 
was  known  to  be  unsafe,  and  where  he  knew  of  the  presence  of  a  dan- 
gerous rock  in  the  roof  that  he  could  not  himself  remove,  and  where 
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without  assistance  he  resumed  work  and  apparently  undertook  to 
take  down  the  dangerous  rock  that  caused  his  death,  as  in  such  case 
the  conclusion  is  that  he  assumed  the  risk. 

Vasasikl  v.  CoosoUdatod  Coal  Co.,  226,  Fedanl,  913,  p.  922. 

DANGER  OBVIOUS. 

There  can  be  no  recovery  under  the  Virginia  mining  act  of  1912 
for  the  death  of  a  miner  who  had  had  large  experience  as  such  where 
the  roof  of  his  working  place  was  in  an  obviously  dangerous  condition 
and  he  had  ordered  timbers  to  make  it  safe,  which  had  not  been 
received,  and  where  an  ordinarily  prudent  man  could  have  seen  for 
himself  the  peril  of  remaining  in  the  place  where  he  was  working,  and 
where  the  deceased  was,  within  an  hour  of  the  accident,  repeatedly 
warned  of  the  danger  that  confronted  him  and  told  that  unless  he 
came  out  he  would  be  killed. 

ButM  Coal  A  Cok»  Co.  v.  Lawreooe  (Virginia),  86  Southeastam,  161,  p.  ISS.  BaptamlMr,  19UL 
NEGIJGENGB  OF  OPERATOB — OAUSAL  RELATION  TO  INJURY. 

The  abolition  of  the  doctrine  of  assumption  of  risk  by  the  work- 
men's compensation  act  of  West  Virginia  does  not  proscribe  acts 
on  the  part  of  an  employer,  which  by  the  common  law  were  rightful 
and  free  from  negligence,  but  its  purpose  is  to  forbid  an  appUcation 
of  the  principle  of  waiver  by  which  at  common  law  the  servant  is 
made  to  assume  the  risk  of  known  negligence  on  the  part  of  the 
master,  by  reason  of  his  continuing  in  the  service  with  knowledge  of 
such  negligence;  but  in  order  to  make  a  master  or  mine  operator 
liable  for  an  injury  to  a  servant  or  to  a  miner,  by  reason  of  his  omis- 
sion of  a  duty  imposed  upon  him  by  statute,  in  favor  of  the  servant 
or  miner,  the  existence  of  a  causal  relation  between  such  omission 
and  the  injury  is  essential. 

De  Francesco  9.  Piney  Mining  Co.  (West  Virginia).  86  Soatbeast«m,  777,  p.  77S,  October,  191&. 
MINER    DOES    NOT    ASSUME    BISK    OF    BREACH    OF    STATUTORY    DUTY. 

A  miner  with  knowledge  that  a  mine  operator  has  not  complied 
with  a  statute  requiring  certain  structures  to  be  placed  in  a  shaft  for 
the  protection  of  miners  can  not  be  charged  with  assumption  of  risk 
to  defeat  a  recovery  for  injuries  caused  by  the  failure  of  the  operator 
to  comply  with  the  statute;  and  the  rule  applies  though  the  statute 
fixes  a  penalty  on  the  operator  for  its  violation,  where  there  is  nothing 
in  the  act  to  indicate  that  the  penalty  was  exclusive  of  the  miner's 
right  to  maintain  an  action  for  damages. 

American  Zino  Co.  v.  Qraliam  (Tennasste),  179  Soutbwtstem,  138,  p.  140,  October,  191& 
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ASSUMPTION  OF  BISK  AND  ABSENCE  OF  OONTBIBUTOBY  NEOLIOENOE. 

The  abolition  of  the  doctrine  of  assumption  of  risk  goes  only 
to  that  portion  of  the  statute  which  denies  a  right  of  recovery  for 
negligence  on  the  part  of  the  master,  to  which  the  servant  is  deemed 
to  have  assented,  because  of  his  knowledge  of  the  same  and  contin- 
uance in  the  service  thereafter.  It  was  not  the  purpose  of  the  statute 
to  proscribe  acts  on  the  part  of  the  master  which,  by  the  common  law, 
were  rightful  and  free  from  negligence,  but  only  to  eliminate  an  appli- 
cation of  the  principle  of  waiver — assumption  of  risk  of  injury  by 
known  acts  of  negligence  on  the  part  of  the  master.  An  employer 
or  mine  operator  who  has  not  elected  to  bring  himself  within  the 
provisions  of  the  workmen's  compensation  act  is  not  answerable  for 
injuries  sustained  by  an  employee,  in  the  absence  of  some  negligence 
on  the  part  of  the  employer  or  mine  operator. 

De  Francesco  v.  Piney  Mining  Co.  (West  Virginia),  86  Southeesteni,  777,  p.  780,  October,  1916. 

DEFENSE  ABOLISHED  BY  STATUTE. 

Assmnption  of  risk  on  the  part  of  a  miner  is  no  defense  to  an 
action  for  the  death  of  a  miner  imder  the  second,  third,  and  fifth 
clauses  of  section  3910  of  the  Alabama  Code  of  1907,  for  the  reason 
that  to  permit  it  would  be  to  emasculate  the  employers'  liability 
act  and  to  rehabilitate  the  common  law  doctrine  of  fellow  servants  as 
applicable  to  the  cases  provided  for  in  these  clauses,  when  the  clear 
purpose  of  the  act  is  to  destroy  the  defense  of  assumption  or  risk,  and 
under  these  clauses  a  nuner  does  not  assume  the  risk  incident  to  the 
negligence  of  the  operator  or  of  a  person  to  whom  superintendence 
was  entrusted. 

standard  Steel  Co.  v.  Clifton  (Alabama),  69  Soathem,  037,  p.  938,  October,  1915. 

DEFENSE   OF   ASSUMPTION  OF  BISK  ABOLISHED. 

It  is  within  the  power  of  a  legislature  to  eliminate  by  statute  the 
various  defenses  resting  on  risks  assumed  by  an  employee  on  the 
ground  that  these  rules  have  been  evolved  by  the  courts  and  may 
properly  be  abrogated  by  the  legislature. 

Hunter  r.  Colfax  Consolidated  Coal  Co.  (Iowa),  154  Northwestern,  1037,  p.  1066,  November.  191& 
ASSUMPTION  OF  BISK  ABOLISHED — APPLICATION  OF  BIJLE. 

Statutes  which  in  terms  abolish  the  doctrine  of  assumption  of 
risk  as  a  defense  go  no  further  than  to  abolish  the  defense  where  the 
servant  is  injured  by  reason  of  the  employer's  negligence,  and  do  not 
abolish  assumption  of  risk  where  the  employer  has  not  been  negligent. 

Hnnter  v.  Colfax  ConaoUdated  Coal  Co.  (Iowa),  lfi4  Northwestern,  1087,  p.  1043,  November,  191&. 
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EFFECT  ON  NEOLIOENOE  OF  FEUiOW  8BEVANT. 

DEFENSE   OF   OONTRIBUTOBT   NEOLIOENOE   OF   FELLOW   SEBVANT 

ABOLISHED. 

The  primary  and  general  purpose  of  the  Alabama  statute  is  to 
abolish,  in  the  specified  cases,  the  rule  which  exempts  mine  opera- 
tors from  liability  to  answer  in  damages  for  an  injury  suffered  by 
one  miner  by  reason  of  the  negligence  of  a  fellow  miner;  but  when 
a  miner  who  is  injured  and  a  miner  whose  negligence  caused  the 
injury  are  of  the  same  grade,  and  as  to  all  employees  or  miners  who 
do  not  come  within  either  of  the  specified  statutory  classes,  the  com- 
mon law  rules  apply.  The  statute  gives  an  injured  miner  a  right 
of  action  in  the  enumerated  cases  as  if  he  were  a  stranger,  rightfully 
and  lawfully  on  the  premises  of  the  operator,  and  takes  away  the 
defense  of  conmion  employment,  and  the  purpose  of  the  statute  is 
to  protect  the  miner  against  the  special  defenses  growing  out  of,  and 
incidental  to,  the  relation  of  employer  and  employee;  and  the  result 
is  to  take  from  a  mine  operator  such  special  defenses,  but  to  leave 
him  all  the  defenses  which  he  has  by  the  common  law  against  a 
stranger,  not  a  trespasser,  nor  a  bare  licensee. 

standard  Stael  Co.  v.  Clifton  (Alabama),  69  South«rn,  937,  p.  940,  October,  1915. 

STATUTOEY  ACTION  FOB  WRONaFITL  DEATH. 

ACTION  IN  UNITED  STATES  COURTS — CONSTRUCTION  OP  STATE  LAW — 

JUDICIAL  NOTICE. 

Where  an  action  is  brought  in  a  United  States  court  to  recover 
damages  for  the  death  of  a  miner  under  the  Pennsylvania  State 
statute,  the  Federal  court  will  take  judicial  notice  of  the  statutes 
and  judicial  opinions  of  that  State  and  the  Federal  court  is  bound  by 
the  construction  given  to  such  act  by  the  courts  of  Pennsylvania. 

VagasEki  v.  Consolidated  Coal  Co.,  225  Federal,  913, 9. 917. 

ACTION   BY  ADMINISTRATOR — ^PLEADING. 

An  administrator  suing  for  the  wrongful  death  of  a  miner  can  not 
recover  in  the  absence  of  an  averment  of  the  appointment  and 
qualification  of  the  plaintiff  as  administrator. 

Byer  v.  Paint  Creek  Collieries  Co.  (West  Virginia),  85  Southeastern,  470,  September,  191S. 
RIGHT   OF   WIDOW   TO   COMPROMISE   CLAIM   FOR   DEATH   OF   HUSBAND. 

A  widow  whose  husband  was  killed  in  a  mine  because  of  the 
alleged  negligence  of  the  mine  operator,  and  who  waived  the  right  to 
take  out  letters  of  administration  and  administer  upon  the  estate  of 
her  husband  and  sue  for  the  wrongful  death,  may  after  the  appoint- 
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ment  of  a  third  person  as  administrator,  compromise  and  settle  the 
claim  against  the  mine  operator  for  damages  because  of  the  alleged 
negligence  resulting  in  the  death  of  her  husband,  and  a  receipt  and 
release  executed  by  her  in  payment,  settlement,  and  compromise  of 
such  claim  may  be  pleaded  in  bar  of  an  action  brought  by  the 
administrator.  It  is  immaterial  in  such  case  that  the  administrator 
was  appointed  before  the  widow  effected  the  compromise,  and  the 
result  is  not  changed  by  the  fact  that  she  consented  to  the  appoint- 
ment of  the  administrator,  as  her  superior  right  to  control  the  claim 
by  compromising  it  or  by  bringing  suit  on  it  herself,  can  be  in  no 
wise  impaired  by  the  qualification  of  the  administrator,  and  her 
superiority  continues  imtil  she  in  some  manner  waives  it,  and  the 
waiver  of  her  right  to  administer  is  not  tantamount  to  a  waiver  to 
her  right  to  sue  or  to  settle,  though  this  power  may  in  fact  be  exercised 
to  the  detriment  of  her  interests.  The  settlement  made  by  the 
widow  can  not  be  impefiched  by  the  administrator  on  the  groimd 
that  it  was  fraudulently  procured,  as  the  widow  alone  could  take 
advantage  of  any  alleged  fraud. 

Spitxer  V.  KnozvUle  Iron  Co.  (Tennessee),  180  Soatbwestern,  les,  p.  164,  November,  1915. 
ACTIONS  AGAINST   PERSONS   JOINTLY  NEGLIGENT. 

Under  the  constitution  and  statute  of  Kentucky  an  action  to 
recover  damages  for  the  wrongful  death  of  a  miner  mayl)e  maintained 
against  the  mine  operator  and  a  fellow  miner  who  were  both  guilty  of 
the  negligence  causing  the  death. 

Cuter  Coal  Co.  v.  Frichard  (Kentnoky),  179  Sonthwestern,  1088,  p.  1011,  November,  1918. 
PROOF   OF   BENEFICIARIES   AND   FINANCIAL   dRCUMSTANCES. 

In  an  action  by  an  administrator  for  the  wrongful  death  of  an 
intestate  the  administrator  must  show  that  some  person  has  suffered 
some  pecuniary  injury  by  the  death,  as  the  statute  does  not  imply 
that  damages  and  pecuniary  losses  necessarily  flow  from  a  negligent 
killing;  and  in  order  to  meet  this  statute  it  is  proper  in  an  action 
against  a  mining  corporation  for  the  death  of  a  minor  son,  to  show 
the  age,  calling,  and  condition  of  the  father,  and  also  the  age  and 
condition  of  the  mother,  and  to  show  in  a  general  way  the  financial 
circumstances  of  the  beneficiaries,  and  in  specific  instances  the  indebt- 
edness or  the  reason  of  such. 

PeUenk  v.  Isle  Royale  Copper  Go.  (Michigan),  163  Northwestern,  1068,  p.  1070,  September,  1915. 
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NEaUaBNOB  OF  OPEBATOB— GABB  BBQXnBBB. 

NEOUOENOE  DEFINED. 

Negligence  may  be  defined  to  mean  the  f ailm*e  to  exercise  ordinary 
care,  or  such  care  as  is  usually  exercised  by  ordinarily  careful  and 
prudent  persons  under  like  or  similar  circumstances  to  those  involved 
in  the  particular  case. 

Nebo  Coal  Co.  v  Barnott  (Kentacky),  180  Sontfawiatom,  79»  p.  81,  Deoember,  19U. 

OBOSS  NEOLIOENOE  DEFmED. 

Gross  negligence  may  be  defined  as  a  failure  to  exercise  slight  care. 

Nebo  Coal  Co.  v.  Bamett  (Kentacky),  180  Soathwestem,  70,  p.  81,  December,  191£. 

DEGREE  OF  OARE  REQUIRED — ORDINARY  OARE. 

Ordinary  caje  may  be  defined  to  mean  such  care  as  is  Tisually  exer- 
cised by  ordinarily  careful  and  prudent  persons  under  like  or  similar 
circumstances  to  those  involved  in  a  particular  case. 

Nebo  Coal  Co.  v.  Bamett  (Kentucky),  180  Soathwestem,  70,  p.  81,  December,  101& 

PROOF — OIROUMSTANTIAL  EVIDENCE. 

In  an  action  against  a  mine  operator  for  the  wrongful  death  of  a 
miner  caiised  by  the  alleged  negligence  of  the  operator,  in  order  to 
make  out  a  case  it  is  not  necessary  to  establish  it  by  witnesses,  but 
this  may  be  done  by  circumstantial  evidence. 

Soathem  Mining  Co.  v.  Lewis  .(Kentucky),  170  Soathwestern,  1067.  p.  1070,  November,  101&. 
NEOLIOENOE   NOT  PRESUMED   FROM  INJURY. 

NegUgence  will  not  be  presumed  from  the  fact  that  a  miner  has  been 
injured  and  one  who  alleges  negligence  must  prove  it;  but  in  the  case 
of  death  by  wrongful  act,  the  rule  appUes  with  equal  force  to  one  who 
alleges  contributory  negligence  and  where  there  is  sufficient  evidence  to 
show  that  a  mine  operator  was  negligent  in  the  manner  in  which  he 
stopped  empty  cars  on  a  track  in  and  about  an  old  entry  and  where 
he  negligently  operated  the  trains  of  cars  whereby  the  cars  standing 
on  the  track  were  released  and  permitted  to  run  wild  down  the  grade, 
and  in  this  way  the  operator  failed  to  exercise  ordinary  care  to  provide 
32 
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a  miner  engi^ed  in  loading  a  car  a  reasonably  safe  place  in  which  to 
work,  and  the  operator,  knowing  such  conditions,  or  in  the  exercise  of 
ordinary  care  shotdd  have  known  of  such  conditions,  and  should 
have  provided  against  them,  and  failing  to  do  so  is  Uable  for  the  death 
of  the  miner. 

Boathem  Mining  Co.  v,  Lewis  (Kentordcy),  179  Soathwestem,  1067,  p.  1070,  NoT«mb«r,  101& 
BIOHT  TO  DEFEND  AGAINST   CHARGE   OF  NEGUGENOE. 

The  Iowa  workmen's  compensation  act  does  not  prevent  a  coal-mine 
operator,  in  an  action  against  it  by  a  miner  for  injuries  due  to  the 
alleged  negUgence  of  the  operator,  from  defending  on  the  ground  that 
the  operator  was  in  no  wise  at  fault  for  the  alleged  injury  charged  to  it. 

Hontar  v,  Colfax  Consolidated  Coal  Co.  (Iowa),  154  Northwestern,  1037,  p.  1000,  November,  1016. 

DESTRUCTION   OF  ARTESIAN  WELL. 

The  owner  of  the  underlying  coal  is  Uable  for  negligently  destroying 
the  pipe  in  an  artesian  well  sunk  Uurough  his  strata  of  coal  to  the 
substrata  by  the  owner  of  the  surface. 

PennsylvanJa  Central  Brewing  Co.  v,  Lehigh  Valley  Coal  Co.  (Pennsylvania),  06  Atlantic,  471,  p.  472, 
Joiy,  1016. 

UNGUARDED  EXCAVATION — CONSTRUCTIVE   NOTICE. 

A  mining  corporation  is  liable  for  the  death  of  a  12-year  old  boy 
who  lost  his  life  by  falling  into  an  old  excavation  on  the  property 
of  the  corporation,  and  in  an  action  for  damages  for  the  death  of  the 
boy  it  is  not  necessary  to  prove  that  the  defendant  corporation  or 
its  officers  had  actual  notice  or  knowledge  of  the  existence  of  the 
excavation  nor  is  it  sufficient  to  avoid  liability  for  the  defendant  to 
show  that  none  of  its  officers  had  any  actual  knowledge  of  the  exist- 
ence of  the  hole;  but  the  proximity  of  the  excavation  to  a  much- 
traveled  path  and  the  knowledge  of  others  in  the  vicinity  of  its 
existence,  together  with  all  the  circumstances  surroimding  the 
situation,  were  sufficient  to  have  the  case  submitted  to  the  jury  on 
the  question  whether  the  officers  of  the  defendant  corporation  in 
the  exercise  of  reasonable  diligence  ought  not  to  have  been  aware  of 
the  excavation. 

PeUenk  t-.  Isle  Royale  Copper  Co.  (Michigan),  163  Northwestern,  1068,  p.  1060,  September,  1916. 

REMOTE   CAUSE   OF  INJURY. 

Where  it  appeared  that  a  mine  operator  was  negligent  in  permitting 
a  track  in  the  mine  to  be  laid  and  operated  with  cars  dangerously 
near  a  rib  without  affording  protection  to  employees,  this  is  not  suffi- 
cient to  render  the  operator  Uable  for  the  death  of  a  miner  caused  by 
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being  struck  and  run  over  by  a  trip  of  cars  where  it  appears  that  the 
dangerous  proximity  of  the  track  to  the  road  had  nothing  whatever 
to  do  with  producing  the  incident. 

rjinchfleM  Ooal  Oorpontion  v.  CnilM  (VirgiiUa),  86  SovthMetem,  135,  p.  138,  September,  1913. 
PLEAOINO   NEOLIOENCE — SUFFICIENOT  OF  PETrnON. 

In  an  action  for  damages  by  an  injured  miner  whose  injury  was 
caused  by  a  rock  falling  from  the  roof  of  a  mine  the  sufficiency  of  the 
petition  will  not  be  determined  by  the  provisions  of  section  8473  of 
the  Revised  Statutes  of  1909  of  Missouri,  relating  to  the  duty  of  a 
coal-mine  operator  to  furnish  props  when  requested,  where  the  petition 
is  not  drawn  under  such  section,  as  the  remedy  imder  that  section  is 
not  exclusive  and  the  common  law  remains  open  to  the  redress  of  an 
injured  miner. 

AtweU  p.  MvoeUne  Goal  A  Mining  Co.  (MJssonri  Appeels),  180  Southwestern,  400,  p.  401.  Norember, 
1913. 

DEFECTIVE   BOOF — ^FAILUBE   TO   INSPECT   AND  BEPAIB. 

A  complaint  and  petition  for  damages  for  injuries  to  a  miner  is 
sufficient  after  verdict  where  it  alleges  the  defect  in  the  roof  and  that 
the  mine  operator's  boss  knew  of  such  defect  and  that  the  plaintiff 
requested  him  to  build  cribs  for  its  support  and  thereupon  such  boss 
promised  to  do  so  but  delayed  for  several  days  and  until  the  roof 
fell  and  injured  the  plaintiff;  and  alleging  also  that  although  the 
plaintiff  made  such  request,  he  thought  he  could  continue  to  work  in 
safety  until  the  foreman  compUed  with  Ins  promise  to  secure  it,  as 
every  reasonable  intendment  will  be  indulged  after  verdict  in  favor 
of  the  petition  stating  a  good  cause  of  action. 

AtweU  V.  Marceline  Coal  &  Mining  Co.  (Misaoari  Appeels),  180  Soathwestem,  400,  p.  401,  November, 
1915. 

DUTY  TO  FURNISH  SAFE  PLACE. 
USE   OF  OBDINABT   OABE  TO  FUBNISH   SAFE   PLAGE. 

It  is  the  duty  of  a  coal  company  engaged  in  mining  coal  to  exercise 
ordinary  care  to  furnish  a  miner  a  reasonably  safe  place  in  which 
to  work,  and  this  duty  carries  with  it  the  duty  of  hispection  and  the 
duty  of  supporting  the  roof  with  timbers  in  the  event  an  inspection 
discloses  the  necessity  for  timbering;  and  where  there  was  evidence 
tending  to  show  that  the  roof  where  the  miner  was  injured  was  unsafe 
and  that  this  condition  by  the  exercise  of  ordinary  care  could  have 
been  discovered  in  time  to  have  protected  the  roof,  if  ordinary  car© 
had  been  exercised  to  adopt  this  method  of  safety  after  the  attention 
of  the  company  was  called  to  the  necessity  for  supporting  the  roof, 
imder  such  circumstances  the  mine  operator  will  be  held  liable  for 
injuries  resulting  to  a  miner. 

Carter  Coal  Co.  v.  Prlcbard  (Kentucky),  179  Southwestern,  1038,  p.  1013,  November,  1915. 
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SAFE  PLAGE — ^EXOEFTIONS  TO  THE   RULE. 

The  rule  requiring  a  mine  operator  to  furnish  the  miner  a  ^af e  place 
in  which  to  work  does  not  generally  apply  when  the  miner  himself  is 
engaged  in  making  the  place  and  when  the  situation  is  constantly 
changing. 

Calumet  Fuel  Co.  v,  Rossi,  (Colorado),  151  Pacific,  935,  p.  936,  October,  1915. 

EXCEPTION — miner's    KNOWLEDGE   OP   CUSTOM. 

In  the  absence  of  a  positive  rule  of  law  imposing  upon  a  mine 
operator  the  duty  of  safeguarding  an  entry  or  a  traveling  way 
through  a  miner's  room  there  is  no  reason  why  a  general  custom, 
known  to  the  miner;  under  which  miners  assume  the  duty  of  keeping 
safe  the  rooms  and  the  ways,  is  not  binding  upon  the  miner;  and  in  an 
action  by  a  miner  injtu*ed  by  a  fall  of  rock  from  the  roof,  the  mine 
operator  is  entitled  to  have  the  jury  pass  upon  the  matter  of  the 
custom  and  the  miner's  knowledge  of  it;  and  instructions  by  the 
court  to  the  jury  which  prevent  the  mine  operator  from  having  his 
case  thus  presented  are  erroneous  and  sufficient  to  cause  a  reversal 
of  the  case. 

Calumes  Fuel  Co.  v.  Rossi  (Colorado),  151  Padflc,  935,  p.  936,  October,  1915. 

MINER  MAKING  PLACE. 

The  rule  that  an  employer  must  furnish  an  employee  a  reasonably 
safe  place  in  which  to  work  does  not  apply  where  the  employee  fur- 
nishes his  own  place  or  where  the  place  is  continually  changing  by 
reason  of  the  work  itself;  and  a  miner  as  he  removes  the  coal  from  his 
room  makes  a  place  in  which  he  must  work  after  the  coal  is  removed 
and  is  continually  changing  the  place  by  reason  of  the  work  being 
done. 

Brooks  V.  Central  Coal  &  Coke  Co.  (Oklahoma),  152  Paolflc,  616,  p.  617,  November,  1915. 
Van  Hook  v.  Hamilton  Coal  <fr  Mercantile  Co.  (Kansas),  152  Pacific,  640,  November,  191& 

DISTINOnON    BETWEEN    FURNISHINO    AND   MAINTAININO    SAFE   PLAGE. 

An  action  for  the  death  of  a  miner  caused  by  the  negligent  failure 
of  a  mine  operator  to  provide  the  intestate  with  a  reasonably  safe 
place  in  which  to  work  is  not  supported  by  evidence  showing  that  the 
operator  negligently  failed  to  maintain  a  safe  place,  as  the  duty  of 
maintaining  a  safe  place  in  which  to  work  is  a  delegable  one,  while 
the  duty  of  providing  such  a  place  is  not;  and  where  the  only  negU- 
gence  attempted  to  be  shown  was  the  failure  to  inspect  the  roof  of  the 
room  in  which  the  intestate  was  injured,  or  the  failure  to  securely 
prop  the  same  or  to  remove  the  loose  rock  or  slate  which  feU  upon  the 
intestate,  either  of  these,  if  considered  a  defect,  was  one  which  arose 
in  the  progress  of  the  work,  as  there  could  be  no  roof  until  the  ore 
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was  removed,  nor  could  it  be  inspected  or  propped,  or  the  loose  rock 
removed  until  the  coal  was  mined  and  removed,  and  to  maintain  this 
kind  of  safety  is  a  delegable  duty  and  the  proof  shows  that  it  was 
delegated;  and  if  negligence  occurred  in  the  maintenance  of  such  a  place, 
it  is  that  of  the  operator  or  its  agent,  and  for  such  the  statute  alone 
makes  the  operator  liable;  and  if  the  negligence  of  the  mine  operator 
was  a  failure  to  maintain  a  safe  place  for  the  miner,  a  recovery  can 
not  be  had  imder  the  allegation  that  the  mine  operator  was  negligent 
in  faihng  to  provide  the  intestate  with  a  reasonably  safe  place. 

standard  Stoel  Co.  v.  Qlfton  (Alabama),  00  Soathem.  937,  p.  M0»  October,  191S. 

mJUEY  TO  INEXPEBIENOED  MINER — DUTY   TO   INSPECT. 

A  mine  operator  is  liable  to  a  miner  for  injuries  caused  from  the 
fall  of  slate  from  the  roof  of  an  entry  where  the  miner  was  working 
and  where  it  appears  that  the  miner  could  not  speak  English,  and  that 
he  was  nearsighted  and  not  in  the  habit  of  doing  any  work  about  the 
mine  that  required  skill  or  training,  and  where  it  was  no  part  of  his 
business  or  duty  to  look  after  the  condition  of  the  roof  at  the  place 
where  he  was  working,  and  where  the  company  had  other  men  em- 
ployed to  inspect  the  roof. 

East  Jellloo  Coal  Co.  v.  aostwides  (Kentacky),  178  Soathwestwn,  1152,  October,  191& 

EVIDENCE  AS  TO  DEFECHVE  CONDITION  OF  BOOF  BEFOBE  AND  AFTEB 

ACCIDENT. 

In  an  action  by  a  miner  for  injuries  caused  by  a  fall  of  slate  from 
the  roof  it  is  proper  for  miners  who  were  not  present  at  the  time  of  the 
injury,  but  who  were  present  the  day  and  the  night  before  and  after 
the  injury,  to  testify  as  to  the  condition  of  the  roof  and  that  they  saw 
loose  slate  in  the  roof  of  the  entry,  or  that  some  of  the  loose  slate  had 
fallen  from  the  roof,  and  that  they  discovered  after  the  injury  that  a 
part  of  such  loose  slate  had  fallen. 

East  Jellloo  Coal  Co.  v.  Closterides  (Kentucky),  178  Soatbwestem,  1152,  p.  1153,  October,  18Ub 

WIIJ>   CABS   IN   HAULAGE  WAT. 

A  mine  operator  is  not  Uable  for  the  death  of  a  miner  caused  by  a 
trip  of  cars  breaking  out  of  a  room,  being  insecurely  scotched  and 
running  out  and  down  the  haulage  way  without  lights  or  signals  and 
running  upon  and  over  the  miner  who  was  using  the  haulage  way  as  a 
walk  way,  where  the  operator  had  provided  proper  means  for  signaling 
the  approach  of  cars  to  employees  using  the  haulage  way  and  where  the 
usual  thing  was  the  use  of  the  haulage  way  by  a  motor  and  cars,  with  a 
motorman  and  brakeman  carrying  lights  and  keeping  the  cars  under 
control,  as  it  is  the  probable  and  not  the  improbable  danger  which  a 
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mine  operator  must  foresee  and  guard  against  and  he  is  not  bound  to 
foresee  and  provide  against  the  unusual  and  improbable  thing  that 
occurs. 

ajnohileld  Coal  Corporation  v.  Cruise  (Virginia),  86  Sootbeastem,  186,  p.  138,  SeptembVi  lOlS, 
EVIDENCE   TO   SUPPORT   VERDICT   AS   AGAINST  DEMURRER. 

Where  a  mine  owner  and  operator  had  mined  out  and  completed 
according  to  his  plan  of  work  certain  entries  or  rooms  ;n  its  mine,  the 
evidence  of  an  injured  miner  to  the  effect  that  he  was  expressly  directed 
to  enter  such  abandoned  part  or  room,  without  any  knowledge  on  his 
part  that  it  had  been  so  abandoned  and  that  there  were  no  sufficient 
visible  indications  of  its  abandonment  and  was  there  injured  in  the 
course  of  his  employment,  is  sufficient  to  sustain  a  verdict  in  his  favor 
as  against  a  demurrer  to  the  evidence. 

Osborn  v.  Darby  Coal  Mining  Co.  (Virginia),  86  Southeastern,  8M,  p.  885,  November,  1915. 

DUTY  NOT  DISCHARGED  BY   INSPECTION. 

A  mine  owner  and  operator  can  not  escape  liability  for  an  injury 
to  a  miner  unless  it  appears  that  the  duty  of  inspection  was  imposed 
upon  the  injured  miner,  or  it  is  shown  that  the  danger  was  so  obvious 
as  that  a  person  of  ordinary  intelligence  could,  in  the  exercise  of  ordi- 
nary care,  have  discovered  the  peril;  but  the  inspection  of  the  roof  is 
not  conclusive  evidence  of  the  exercise  of  the  required  degree  of  care 
on  the  part  of  the  coal-mine  operator,  and  if  the  inspector  decides  that 
the  roof  is  safe  and  supports  are  not  necessary,  this  may  not  exon- 
erate the  mine  owner  or  operator  in  the  event  an  injury  happens  by 
the  falling  of  the  roof. 

Gvter  Coal  Co.  v.  Prichard  (Kentucky),  179  Southwestern,  1088,  p.  1048,  November,  191d. 

DUTY  TO  PBOVIDB  SAVE  APPIJANOBS. 
INSTRUMENTS  FOR  SCOTOHINO  OARS. 

A  mine  operator  is  not  to  be  charged  with  negUgence  for  failure 
to  furnish  the  kind  of  instrumentalities  commonly  used  and  relied  upon 
in  a  mine  for  scotching  cars,  where  in  the  instant  case  it  appears  that 
if  the  instrumentalities  were  improperly  and  negligently  used  the 
fault  lay  with  the  fellow  servant,  for  whose  negligence  the  mine  oper- 
ator is  not  liable;  but  in  any  event  the  operator  is  not  liable  where 
the  injured  employee  used  the  same  scotch  that  had  often  been  used 
in  the  same  room  and  where  he  believed  it  would  make  the  cars  safe 
and  secure  at  the  time  and  where  there  were  other  props  near  by  in 
abundance  that  he  could  have  used  if  he  beUeved  l^e  one  used  un- 
suited. 

CMnehfleid  Coal  CorporatJon  r,  CruJse  (Virginia),  86  Bonthetstem,  186,  p.  137,  September,  191& 
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IVSUmOZENT  APPLIANCE — BEMOTE  CAUSE  OF  INJURY. 

In  an  action  by  a  miner  for  damages  caused  by  ihe  derailment  of  a 
motor  due  to  a  defect  in  the  track  it  is  error  for  a  court  to  instruct 
the  jury  to  the  effect  that  the  plaintiff  is  entitled  to  recover  if  the 
crab  rope  or  cable  was  not  of  sufficient  length  to  reach  from  the 
motor  on  the  entry  track  to  a  loaded  car  in  the  miner's  room,  though 
the  evidence  tended  to  show  the  insufficient  length  of  such  crab 
rope  and  that  this  did  make  it  necessary  for  the  motor  to  come  on 
to  the  room  track,  but  where  in  fact  the  crab  rope  was  not  being  used 
and  no  attempt  had  been  made  to  use  it  at  the  time  of  the  accident. 

Coii8oli(Ut«l  Coal  Co.  V.  Mooro  (Keatucky),  178  Soothwestem,  1136,  p.  1137,  October.  1915. 
DEFECTIVE    CONDITION    OF    MACHINEBT — QUESTION    OF    FACT. 

In  an  action  by  a  miner  for  injuries  caused  while  cutting  coal,  and 
due  to  the  alleged  defective  condition  of  the  machine  used,  in  that 
when  the  air  was  turned  on  it  caused  the  machine  to  start  with  a 
jerk  and  such  resulting  jerk  caused  the  injuries  complained  of,  and 
where  it  was  claimed  that  if  the  machine  had  been  in  good  order  it 
would  have  worked  smoothly  when  the  air  was  turned  on,  and  the 
accident  would  not  have  occurred,  the  question,  xmder  such  circum- 
stances, as  to  whether  or  not  the  defective  condition  of  the  machine 
was  the  proximate  cause  of  the  injury  is  one  of  fact  to  be  determined 
by  the  jury. 

BtMni3  Coal  &  Lumber  Co.  v.  Calhoun  (Kentucky),  179  Southwestern,  fiOO,  NoTomber,  1915. 

miner's     knowledge     of     DEFECTIVE     APPLIANCE — ASSURANCE     OF 

SAFETY. 

A  miner  in  an  action  for  personal  injuries  is  entitled  to  have  his 
case  submitted  to  the  jury  where  his  injury  was  caused  by  the  breaking 
of  a  jack  pipe  furnished  him  by  the  machine  boss,  where  the  miner 
knew  the  pipe  was  rusty  and  where  he  had  objected  to  the  use  of  the 
pipe,  but  was  assured  by  the  mine  boss  that  it  was  good  for  two  or  three 
months,  and  that  he,  the  boss,  knew  better  than  the  miner,  and  where 
the  superintendent  assured  the  miner  that  the  machine  boss  would  see 
that  a  new  pipe  was  furnished  and  directed  him  to  go  on  with  the 
work  until  a  new  pipe  was  furnished,  though  the  testimony  of  the 
injured  servant  was  contradicted  by  both  the  machine  boss  and  the 
superintendent. 

Keystone  Coal  &  Coke  Co.  v.  Petrovteb,  227  Federal,  43,  p.  4& 

DUTY  TO  WARN  OB  mSTBUCT. 
NEOLIOENCE   OF  FELLOW    SERVANT — FAILURE  TO   WARN. 

The  duty  to  warn  where  timbermen  are  engaged  in  setting  timbers 
and  propping  the  roof  of  a  mine  in  order  to  make  a  safe  place  is  a 
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delegable  duty  and  is  fully  performed  when  the  mine  owner  or  opera- 
tor selects  a  suitable  and  competent  fellow  servant  experienced  in 
the  work,  and  makes  it  his  duty  to  give  the  warning;  and  such  com- 
petent feUow  workman  does  not  stand  in  the  relation  of  foreman  or 
shift  boss  to  the  mine  operator,  but  is  simply  a  fellow  miner  of  the 
timbermen,  assisting  him,  and  does  not  by  reason  of  his  seniority  in 
the  work  at  the  place  represent  the  owner  or  operator  so  as  to  make 
it  liable  for  his  negligence. 

Aho  V.  CleTeland-Cliffs  Iron  Co.  (MlcbigBn),  154  Northwesteni,  82,  p.  55,  September,  1916. 

VIOB     FeiNOIPAL — WABNING    MINER    OP    DANGER — LIABILITY    OP 

MASTER. 

Where  it  was  the  duty  of  a  mine  operator  to  cross  timber  the 
rooms  of  a  mine  and  the  operator  selected  a  person  to  perform  the 
work  and  to  do  the  work  when  the  conditions  required,  it  must  be 
presumed  that  such  person  possessed  superior  knowledge  of  the 
danger,  or  lack  of  danger,  growing  out  of  the  roof;  and  as  the  duty 
of  cross  timbering  devolved  upon  the  operator,  and  as  the  duty  was 
intrusted  to  a  person  selected,  he  became  a  vice  principal  and  took 
the  place  of  the  operator,  and  his  assurance  of  safety  to  a  miner 
was  in  effect  an  assurance  by  the  master;  but  the  rule  operates  both 
ways,  and  if  the  miner  had  the  right  to  rely  on  the  assurance  of  safety 
made  by  the  vice  principal,  he  should  be  required,  on  the  other  hand, 
to  heed  the  warning  of  danger  where  such  vice  principal  warned  the 
miner  of  the  dangerous  condition  of  the  roof  and  of  the  danger  of 
working  thereunder  a  sufficient  length  of  time  before  the  accident  to 
enable  the  miner,  by  the  exercise  of  ordinary  care,  to  stop  work  and 
avoid  the  peril,  and  the  operator  can  not  be  held  Uable  where  the 
miner  continued  in  his  working  place  as  against  such  warning,  and 
was  injured. 

Cvter  Coal  Co.  v,  HJll  (Kentookj),  179  Boathwestem,  2,  p.  4,  October,  1915. 

ABANDONED  BOOMS — PAILT7BE  TO  WABN  MINEB. 

A  mine  owner  and  operator  has  the  right  to  abandon  places  in  his 
mine  which  have  been  completed  according  to  the  plan  of  the  work, 
and  if  a  room  in  which  a  miner  was  directed  to  work  had  been  aban- 
doned, there  being  no  sufficient  visible  indications  of  its  abandon- 
ment, the  mine  owner  would  be  liable  for  negligence  to  a  miner  enter- 
ing such  abandoned  part  or  room  and  being  injured  in  the  course  of  his 
employment,  if  the  mine  operator  failed  to  give  due  and  timely 
warning  of  such  abandoned  part  or  room. 

Oibom  V.  Darby  dm  Mbiixig  Co.  (Virginia),  86  Sontbeastem,  884,  p.  885,  Norembcr,  1915. 
31011*'—Bull.  118—16 4 
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WARNING  UNNECESSABY   AS  TO  ORDINARY  DANGERS. 

The  failure  of  a  mine  operator  to  warn  an  inexperienced  coal  miner 
of  the  danger  incident  to  the  taking  from  a  drill  hole  of  a  stick  of 
dynamite  with  an  ignited  fuse  attached,  almost  immediately  after 
discovery  of  lack  of  scintillation  hy  the  fuse,  is  not  negligence,  as  any 
person  of  ordinary  intelligence  prestunptively  knows  that  a  fuse  will 
sometimes  burn  without  scintillating;  and  the  mine  operator  is  not 
liable  for  an  injury  resulting  from  such  an  act.  Under  such  circum- 
stances there  was  nothing  in  the  situation  of  the  miner  that  might 
reasonably  have  induced  the  operator  or  his  agents  to  anticipate  the 
act  of  the  miner  where  there  was  nothing  to  show  that  he  lacked  the 
intelligence  ordinarily  characteristic  of  a  mature  man  and  knew  that 
dynamite  would  explode,  and  no  one  could  have  thought  it  necessary 
to  advise  him  against  taking  up  a  stick  of  dynamite  to  which  a  lighted 
fuse  was  attached. 

De  Franoesoo  r.  Piney  Mining  Co.  (West  Virginia),  86  Southeastern,  777,  p.  780,  October,  1916. 
UABHiITY  FOB  NBOLiaEKOB  OF  FELLOW  SB&VAHT. 

WHO  ARE  FELLOW    SERVANTS. 

The  rule  is  that  all  who  serve  the  same  master,  work  under  the 
same  control,  derive  authority  and  compensation  from  the  same 
common  source,  and  are  engaged  in  the  same  general  business, 
though  it  may  be  in  different  crews  or  departments  of  it,  are  fellow 
servants;  but  the  employees  need  not  be  engaged  in  the  same  common 
work  at  the  same  time  and  the  ''con-association  doctrine"  does  not 
apply,  but  it  is  sufficient  if  the  servants  are  in  the  employment  of  the 
same  master,  engaged  in  the  same  common  work  and  performing 
duties  and  services  for  the  same  general  purpose.  Under  this  rule 
a  miner  employed  on  a  night  shift  engaged  in  the  work  of  removing 
old  timbers  from  a  sublevel  in  a  mine  and  replacing  them  with  new 
ones  is  a  fellow  servant  with  a  miner  working  on  a  day  shift  perform- 
ing the  same  work. 

Kangas  v.  Clevaland-CUffs  Iron  Co.  (Michigan),  154  Northwestarn,  41  p.  42,  Septamber,  191£w 
Aho  V,  ClavaIand*Cliffs  Iron  Co.  (Michigan),  154  Northwestern,  53  p.  54,  September,  1916. 

FELLOW    SERVANT   OP   EQUAL   GRADE. 

A  mine  operator  is  not  Uable  to  a  miner  for  injuries  incurred  by  him 
on  account  of  the  negligence,  either  ordinary  or  gross,  of  a  fellow  ser- 
vant in  the  same  work  and  occupying  the  same  situation  as  to  authority 
as  himself. 

Nebo  Coal  Co.  v.  Bamatt  (Kantuoky),  ISO  Southwestern,  79,  p.  81,  December,  1916i. 
LIABILirT    FOR    GROSS    NEGLIGENCE    OF    SUPERIOR  FELLOW   SERVANT. 

Where  in  making  up  trips  or  trains  of  cars  it  was  the  duty  of  a  brake- 
man  in  a  coal  mine  to  couple  or  imcouple  the  coal  cars  and  give  to  the 
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motormon  proper  signals  to  ''go  ahead''  or  "backup"  and  when  the 
trip  was  ready  the  brakeman  would  get  aboard,  either  on  the  car  or  on 
the  motor,  as  the  situation  required,  and  the  motorman  would  then 
take  the  trip  to  its  destination;  and  while  in  making  up  the  trip  the 
motorman  responded  to  the  brakeman's  signals,  yet  at  all  other  times 
the  motorman  had  sole  charge  and  control  of  the  train  and  in  that  re- 
gard was  superior  in  authority  to  the  brakeman ;  and  while  the  two  em- 
ployees were  in  the  manner  described  associated  together  in  the  same 
work,  yet  they  were  not  in  the  same  grade  of  employment,  their 
relative  duties  were  not  imhke  that  of  the  ordinary  railroad  engineer 
and  brakeman;  but  an  engineer  and  brakeman  are  not  fellow  servants 
although  employed  on  the  same  train;  and  in  an  action  by  the 
brakeman  for  damages  caused  by  the  allied  gross  negligence  of  the 
motorman,  the  court  properly  instructed  the  jury  that  the  brakeman 
was  entitled  to  recover  if  his  injuries  resulted  from  the  gross  negli- 
gence of  the  motorman. 

Consolidated  Coal  Co.  v.  Baldridge  (Kentuoky),  179  BoathwrnUtn,  IS,  October,  191A. 
NEGLIGENCE    OP   SX7PERIOB   SERVANT   NOT    IMPUTED   TO   OPERATOR. 

The  ordinary  negligence  of  a  superior  servant  which  results  in  an 
injury  to  a  miner,  which  does  not  produce  death,  can  not  be  imputed 
to  the  mine  operator. 

N^bo  Coal  Co.  v.  Barnett  (Kentucky),  180  Soufhwestern,  79,  p.  81,  December,  19Uw 

RECKLESS  OPERATION  OP  MOTOR. 

In  the  operation  of  a  motor  and  cars  in  a  coal  mine  proof  of  a  jerk 
that  is  violent,  imusual,  and  unnecessary  is  evidence  from  which  negU- 
gence  on  the  part  of  the  person  operating  the  motor  may  be  inferred. 

Nebo  Coal  Co.  p.  Barnett  (Kentuoky),  180  Southwestern,  79,  p.  80,  December,  1915. 
MINE&S'  WOBElNa  PLACB— SAFE  PLACE. 
SAFE   PLACE    DOCTRINE — APPLICATION   TO*  MINER's    WORKING   PLACE. 

The  rule  that  an  employer  or  a  mine  operator  is  required  to  furnish 
his  employee  or  miner  a  safe  place  in  which  to  work,  and  to  see  that  the 
environment  in  which  the  employee  or  miner  performs  his  duty  is 
kept  in  a  reasonably  safe  condition,  is  not  appUcable  where  such 
environment  becomes  imsafe  solely  through  the  fault  of  the  em- 
ployee or  miner  himself,  or  of  his  fellow  employees,  and  the  obligation 
of  the  employer  or  operator  to  protect  his  employees  does  not  extend 
to  protecting  them  from  the  transitory  risks  which  are  created  by  the 
negligence  of  the  employees  themselves  in  carrying  out  the  details  of 
the  work. 

standard  Steel  Co.  v.  Clifton  (Alabama),  69  Southern,  0B7,  p.  MO,  October,  1918. 
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DUTY  TO  EXEBOISE  OABE — QUESTION  OF  FACT. 

It  is  the  duty  of  a  miner  workiag  in  a  coal  mine  to  exercise  ordinary 
care  for  his  own  safety  although  he  is  not  charged  with  the  duty 
of  inspecting,  and  if  tlie  unsafe  condition  of  the  roof  at  the  place 
where  he  is  working  is  so  obvious  that  a  person  of  ordinary  intelligence, 
in  the  exercise  of  ordinary  care  for  his  own  safety,  could  not  have 
failed  to  discover  it,  this  would  amoimt  to  such  contributory  negli- 
gence as  to  defeat  a  recovery;  but  this  was  a  question  of  fact  to  be 
submitted  to  and  determined  by  a  jury. 

Cartflr  Coal  Co.  v,  Priohard  (Kootooky),  179  Soathwwtarn,  1038,  p.  10<2,  November,  19U. 
EXOEPTIONS   TO   RULE — ^BONEB  MAKING   PLAGE   SAFE. 

The  rule  as  to  the  duty  of  a  mine  operator  to  furnish  safe  places 
for  his  miners  and  employees  in  which  to  work  applies  to  a  timberman 
whose  duty  it  is  to  timber  a  stope  or  the  roof  of  a  room  for  the  purpose 
of  making  the  place  safe;  and  the  fact  that  a  timber  boss  was 
employed  to  care  for  the  safety  of  his  crew  does  not  make  him  a  vice 
principal  performing  the  nondelegable  duty  to  furnish  the  timber- 
man  a  safe  place,  and  the  duties  of  such  timber  boss  in  caring  for  the 
safety  of  his  crew  are  not  in  their  nature  different  in  principle  than 
those  of  timber  bosses  generally. 

Kansas  p.  Cleyeland-Gllfls  Iron  Co.  (IClohlgan),  154  Northwestern,  41,  p.  42,  September,  1915. 
Aho  V.  CleTeIand<GUib  Iron  Co.  (Bllohlgan),  154  Northwestern,  52,  p.  54,  September,  1915. 

EXERCISE   OF   OABE   TO  AVOID   INJUBT. 

It  is  the  duty  of  a  miner  to  exercise  care  to  avoid  injuries,  and  he 
is  imder  as  great  obligation  to  provide  for  his  own  safety  from  such 
dangers  as  are  known  to  him,  or  are  discernible  by  ordinary  care  on 
his  part,  as  the  master  is  to  provide  for  him;  and  he  must  take 
ordinary  care  to  learn  the  dangers  which  are  likely  to  beset  him  in  the 
service  and  must  not  go  blindly  to  his  work  where  there  is  danger. 
This  rule  iEipplies  both  imder  the  common  law  and  under  the  statutory 
provisions  prescribing  the  relative  duties  of  the  miner  and  operator. 

Virginia  Iron,  Coal  A  Coke  Co.  v.  ABbory  (Vtrginia),  80  Boatheastem,  148,  p.  140,  September,  191& 

VIOLATION   OF   BULES. 

The  violation  by  a  miner  of  a  rule  of  the  mine  operator,  promul- 
gated for  the  protection  of  the  miner,  will  defeat  a  recovery  by  the 
miner  for  an  injury  when  the  observance  of  the  rule  would  have  pre- 
vented the  injury  complained  of,  as  obedience  to  the  rules  of  an  em- 
ployer can  not  be  more  obligatory  upon  an  employee  than  his  obedi- 
ence to  a  statute  enacted  for  his  benefiti  and  it  is  the  rule  that  a  vio- 
lation of  the  latter  is  negligence  per  se. 

VirgInU  Iron,  Goal  &  Cclk»  Oa  t.  Aibory  (Virginia),  86  Boatheastem,  14S,  p.  151,  September,  1915. 
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FADLURE    TO    INSPECT    ROOF    AFTER    SHOTS — ^DI3TT    OF    MINER. 

It  is  the  duty  of  a  miner  working  in  a  coal  mine  where  shot  firers 
are  provided  to  inspect  his  room  and  the  place  at  which  he  is  working 
after  a  shot  has  been  fired,  for  the  purpose  of  discovering  anything 
that  might  be  dangerous;  and  where  a  miner  left  his  room  with  its 
props  in  proper  and  safe  condition  and  found  them  down  on  his 
return  after  shots  had  been  fired,  he  should  then  have  inspected  the 
roof  of  his  room  to  ascertain  its  condition,  and  if  defective  he  must 
act  accordingly.  It  was  not  the  duty  nor  was  it  necessary  for  the 
mine  operator  to  inspect  the  miner's  room  after  the  shot  was  fired 
before  the  miner  returned  to  his  work  in  the  room;  and  imder  such 
circumstances  it  is  not  actionable  negligence  on  the  part  of  the 
operator  to  fail  to  inspect  the  miner's  room  after  the  shot  had  been 
fired. 

Brooks  9.  CflQtra]  Coal  A  Coke  Co.  (Oklahoma),  152  Pacific,  (U6,  p.  017,  November,  191S. 
MINE&'S  SCOPB  OF  EMPLOYMENT— mjTTBY  AND  LIABILZTY. 
SCOPE  OF  EMFLOTHENT — INJUBY  OUTSIDE  OF  EMPLOYMENT. 

There  can  be  no  recovery  for  the  death  of  an  employee  in  a  mine 
where  his  regular  employment  was  in  the  capacity  of  assistant  boss 
driver  and  where  he  gratuitously,  or  without  proper  authorization, 
undertook  to  aid  in  the  work  of  repairing  a  trip  wreck  in  the  mine, 
and  in  so  doing  came  in  contact  with  an  electric  wire,  thereby  causing 
his  death. 

Republic  Iron  &  Steel  Co.  v.  Qainton  (Alabama),  09  Southern,  (XH,  p.  606,  July,  191S. 
DBIVEB  ASSISTING   IN  REMOVING  WRECK. 

A  mine  owner  and  operator  is  liable  for  the  death  of  an  employee 
whose  regular  employment  was  in  the  capacity  of  assistant  boss 
driver,  where  the  bank  boss  called  upon  the  boss  driver  and  his  assist- 
ant to  assist  in  removing  a  trip  wreck  and  while  so  engaged  the 
assistant  boss  driver,  without  any  negligence  on  his  part,  came  in 
contact  with  a  live  electric  wire  and  was  killed. 

Republic  Iron  A  Steel  Co.  v.  Quintan  (Alabama),  60  Southern,  604,  p.  606,  July,  1015. 

MINER  WAITING  FOB  WORK — SCOPE  OF  EMPLOYMENT. 

Where  a  miner  reports  to  the  place  or  room  for  work  as  directed, 
and  upon  arrival  he  foimd  that  the  room  was  not  quite  ready,  in 
that  the  track,  being  laid  by  another  employee,  was  not  in  proper 
position  and  that  it  was  necessary  to  pull  the  track  over  to  the  side 
of  the  room,  and  the  employee  being  imable  to  do  this  alone  requested 
the  miner  to  assist  him,  and  after  assisting  in  removing  the  track 
and  while  assisting  the  employee  in  setting  some  timbers,  the  miner 
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was  injured  from  an  explosion  in  an  adjoining  room  and  which  broke 
through  the  connecting  wall,  causing  the  injury  complained  of,  a 
recovery  of  damages  is  not  to  be  denied  him  on  the  ground  that  he 
was  not  in  the  course  of  his  employment  and  that  he  was  a  mere 
volunteer,  or  assisting  the  employee  to  discharge  duties  which  such 
employee  alone  was  imder  obligation  to  perform,  as  he  was  at  the 
place  where  he  had  been  ordered  to  report  for  work,  and  whether  he 
sat  down  to  watch  the  other  employee  make  the  place  ready,  or 
whether  he  voluntarily  assisted  such  employee  in  doing  so,  the  opera- 
tor's duty  to  provide  him  a  reasonably  safe  place  obtained. 

lloBea.  Proctor  Coal  Co.  (Koatuoky),  179  Boathwastara,  1013,  p.  1044,  Nov«nb«r,  lOlS. 
MINEB  ENTEBING  DANGEROUS  ROOM  AFTER  WORKING  HOURS. 

A  miner  who  entered  a  room  in  a  mine  for  the  purpose  of  inspecting 
either  upon  the  orders  of  the  bank  boss  or  with  his  knowledge  and 
consent  and  where  such  bank  boss  knew  of  the  existence  of  gas  in  the 
room,  or  negligently  failed  to  ascertain  the  fact  before  ordering  or 
permitting  the  miner  to  enter  such  room,  is  not  to  be  denied  the 
right  to  recover  for  injuries  caused  by  the  presence  of  the  gas  because  he 
entered  the  room  and  the  injury  was  sustained  after  he  had  jQnished 
his  daily  task,  but  where  it  also  appears  that  he  was  due  to  remain 
in  the  mine  beyond  the  time  at  which  he  received  the  injury;  and  if 
for  some  good  reason  he  went  to  another  part  of  the  mine  upon  the 
order  or  with  the  consent  of  his  superior  he  was  still  an  employee  en- 
titled to  the  protection  of  the  law  governing  such  a  relationship  and 
answerable  to  the  duties  imposed  upon  him. 

Woodward  Iron  Co.  v.  Lowthor  (AlalMma),  09  Soatbem,  877,  p.  879,  October,  191A. 

MINER  WALKING  BESIDE  MOTOR. 

A  miner  after  a  long  delay  on  the  part  of  the  motor  man  in  com- 
ing for  his  loaded  car  went  to  the  entry  and  requested  the  motor  man 
to  get  the  car  and  returned  walking  by  the  side  of  the  motor  and 
while  so  doing  the  motor  was  derailed  by  reason  of  a  defect  in  the 
track,  and  the  miner's  foot  was  caught  between  one  of  the  rails  and  a 
gob  of  slate  lying  nearby  and  crushed  and  broken.  Under  such  cir- 
cumstances recovery  can  not  be  denied,  on  the  ground  that  the 
miner  was  at  a  place  where  the  duty  of  the  master  to  use  ordinary 
care  to  furnish  him  a  safe  place  in  which  to  work,  or  reasonably  safe 
appliances  for  work,  did  not  apply,  as  under  the  circumstances  the 
miner  was  acting  in  the  course  of  his  employment. 

Consolidated  Coal  Co.  v.  Koore  (Kentucky),  178  Soathwestem,  1136,  October,  1916. 
QUESTION  OF  FACT — SCOPE  OF   EMPLOYMENT. 

Where  a  miner  was  working  outside  the  mine  and  had  just  finished 
loading  eight  mine  cars  with  timber  and  while  the  motor  was  hauling 
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them  into  the  mine  and  he  was  walking  behind  the  cars  along  the  track 
toward  his  place  of  regular  work,  a  wild  empty  mine  car  came  down  the 
grade  from  the  rear  and  ran  over  him^  in  an  action  by  his  administra- 
tor for  wrongful  death,  the  question  whether  such  death  was  due 
to  the  employing  company's  negligence  was  a  question  of  fact  for  the 
jury. 

Soathem  Mining  Co.  v.  Lewis  (Kentuciky),  179  Sonthwestem,  1067,  p.  1068,  NoTembtf,  1916. 
CONTBIBX7TOBY  NSGLiaBNCB  OF  MINBB. 

VOLUNTARY  SEBVIOE  OUTSIDE  OP  EMPLOYMENT. 

To  entitle  a  miner  to  recover  for  injuries,  the  injuries  must  be 
received  while  rendering  the  service  required  by  the  particular  em- 
ployment or  in  obeying  the  orders  of  his  superior  to  which  the  employee 
is  bound  to  conform;  but  injuries  received  while  doing  other  more 
hazardous  service  not  pertaining  to  the  employment,  by  way  of 
accommodation  or  which  are  self-assumed,  are  not  sufficient  to  justify 
a  recovery  against  the  mine  operator. 

Republic  Iron  &  Steel  Co.  v.  Quiuton  (Alabama),  69  Southern,  604,  p.  606,  July,  1916. 

MINER  OOINO  IN   FRONT  OF   OAR. 

A  miner  directed  by  a  mine  foreman  to  take  an  empty  car  from  the 
drift  mouth  down  a  new  entry  to  the  face  of  the  coal  was  directed  to 
call  another  miner  to  assist  him,  and  the  two  proceeded  to  let  the  car 
down  the  entri^  by  walking  behind  it  holding  it  with  their  hands; 
and  when  they  arrived  at  a  point  about  eight  feet  from  the  face  of  the 
coal  the  foreman  called  the  assistant  to  return  to  the  drift  mouth,  and 
as  the  assistant  was  leaving  the  miner  inserted  sprags  in  the  wheels 
on  the  right-hand  side  of  the  car  and  brought  it  to  a  stop  some  three 
feet  from  the  face  of  the  coal  and  thereupon  put  a  block  or  scotch 
imder  the  front  wheel,  but  fearing  the  car  would  roll  over  this  on 
account  of  the  grade,  he  went  in  front  of  the  car  for  the  purpose  of 
blocking  the  wheel  on  the  other  side,  and  while  in  front,  the  car  from 
some  cause  started,  caught  him  against  the  face  of  the  coal,  and  caused 
the  injuries  of  which  he  complains.  Under  such  circumstances  the 
miner  can  not  recover  for  the  injury,  as  he  imdertook  to  exercise  his 
own  judgment  as  to  the  safety  of  going  in  front  of  the  car  instead  of 
behiad  it  and  the  withdrawal  of  the  assistant  at  the  direction  of  the 
mine  foreman  in  no  way  contributed  to  the  injury,  and  the  injuries 
complained  of  were  the  direct  result  of  his  own  want  of  care. 

Riddle  V.  Wiaoonsin  Steel  Co.  (Kentucky),  178  Southwestern,  1064,  September,  191A. 

FBBBDOM  FROM  CONTBIBUTOBY  NEaiJaBNCB. 

EXERCISE  OF  DUE   OARE  PRESX7MED — PRESUMPTION. 

In  an  action  against  a  mining  corporation  for  the  death  of  a  boy 
caused  by  falling  into  an  unguarded  excavation,  in  the  absence  of 
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any  proof  as  to  the  contributory  n^ligence  of  the  boy,  it  will  be 
presumed  that  he  was  in  the  exercise  of  due  care  and  the  question  of 
his  contributory  negligence  or  freedom  from  contributory  n^ligenoe 
under  the  cbcumstances  is  a  question  of  fact  for  the  jury. 

PikkDk  9.  Id«  IU^3ry«Copp«r  Cow  (lOcfalcHi).  163  NorChwwtani,  1068^  p.  vm,  BtrsUtobm,  loa 

BURDEN  OF  PBOOF. 

In  an  action  for  the  death  of  a  miner  allied  to  be  caused  by  tiie 
neghgence  or  wrongfiil  act  of  the  mine  operator,  the  burden  is  upon 
the  operator  to  show  the  contributory  negligence  of  the  deceased 
miner  upon  which  it  relies  for  a  defense. 

Soutbeni  laning  Co.  9.  Uwto  (Keatucky).  179  Southwesterly  1067,  p.  1000^  NoTwnber,  in& 

BISKS  ASSXnCED. 
ASSUMPTION  OF  BISK  AS  A  QUESTION  OF  LAW. 

Ordinarily  the  question  of  whether  a  miner  has  assumed  the  risk 
of  dangers  incident  to  his  employment  is  a  question  of  fact  for  a  jury 
to  determine,  but  where  the  alleged  causes  of  the  dangers  by  which 
the  miner  was  injured  are  so  open  and  obvious,  and  the  knowledge  on 
the  part  of  the  miner  so  complete  as  to  leave  no  doubt  that  he  knew 
or  ought  to  have  known  all  about  them,  the  question  of  the  assump- 
tion of  the  risk  becomes  one  of  law  and  will  bar  a  recovery  for  injuries 
under  such  circumstances. 

Clinohfleld  Coal  CorpontloD  v.  Cruise  (VlrgJnlm),  86  Southeastem,  135^  p.  188,  September,  1016. 

EMPIX>YE£   PERFORMING  OUTSIDE   SERVICES   AT  BEQUEST  OF  FELLOW 

EMPLOYEE. 

Where  a  miner  employed  in  a  mine  is  injured  while  acting  outside 
of  the  scope  of  his  regular  employment,  at  the  command  or  request 
of  another  employee,  the  employer  is  not  liable,  unless  the  latter 
employee  is,  either  expressly  or  impliedly,  authorized  to  make  the 
command  or  request. 

Republic  Iron  &  Steel  Co.  v,  Quinton  (Alabama),  60  Southern,  804,  p.  600,  July,  19Uw 

RULES   AS  TO  SOOTOHING  MINE  OARS. 

There  is  no  duty  resting  upon  a  mine  operator  to  promulgate 
rules  in  so  small  a  matter  as  the  scotching  of  mine  cars,  but  the  lack 
of  such  rules  and  the  uniform  practice  and  method  of  doing  the  work 
in  the  mine  are  matters  necessarily  within  the  actual  knowledge  of 
an  employee  engaged  in  doing  such  work,  and  it  must  be  assumed 
under  such  circmnstances,  where  a  miner  made  no  protest  whatever, 
that  he  assumed  the  risk  of  any  dangers  incident  to  such  lack  of 
rules  and  to  such  method  of  work. 

Cllndifleld  Coal  Cerporation  v.  Cruise  (Virginia),  86  Southeastern,  185^  p.  Vtt.  September,  1M& 
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TIMBERMAN   WORKING   IN  DANGEROUS   FLAGS. 

An  employee  in  a  mine  working  as  a  timberman  helping  to  make 
places  safe  for  mining  operations  can  not  recover  for  injuries  occa- 
sioned by  a  fall  of  rock,  where  the  timber  gang  consisted  of  four  men 
and  the  timber  boss,  and  with  them  he  was  at  work  in  the  stope 
replacing  timbers  which  had  been  knocked  out  in  the  night  by  blasting, 
and  where,  after  an  examination  by  the  timber  boss,  the  timberman 
with  others  commenced  to  shovel  away  dirt  and  broken  rock  from 
the  footwall  where  timbers  were  to  be  set,  and  where  after  blasting 
a  "block  hole"  the  injured  timberman,  with  the  others,  returned  to 
the  stope  and  began  shoveling  dirt  and  rock  without  instructions 
from  the  timber  boss  and  before  he  had  made  an  examination  of  the 
stope,  and  had  not  instructed  the  men'  to  resume  work  nor  given 
any  assurance  that  the  place  was  safe,  but  had  given  no  warning  of 
danger. 

Vnlmidi  9.  Oftlumet  A  Haola  lanlng  Co.  (Michigan),  164  Nortfawestem,  30»  September,  1915. 
KNOWLEDGE   OF  LACK  OF   BRAKES   ON   OARS. 

Where  the  lack  of  brakes  on  cars  operated  in  a  mine  was  a  general 
and  permanent  condition  prevailing  throughout  the  mine  and  a 
well-known  incident  to  the  method  in  which  the  work  was  being 
done,  a  miner  employed  and  working  in  the  mine  assumes  the  risk 
of  danger  incident  to  the  absence  of  brakes  on  the  cars,  though  the 
presence  of  brakes  woiild  have  added  an  element  of  safety. 

CUnchfleld  Coel  Corporation  v.  Cruise  (Virginia),  86  Soatheastem,  135,  p.  137,  September,  1915. 
KNOWLEDGE  OF  DANGER — ^RIB   CLOSE  TO  TRACK. 

Where  a  dangerous  condition  in  a  mine  was  caused  by  the  prox- 
imity of  a  rib  to  the  track  in  a  haulageway  on  one  side  with  a  danger- 
ous electric  wire  on  the  other  side,  and  such  dangerous  condition 
resulted  from  the  negUgence  of  the  mine  owner  and  was  prominent 
and  perfectly  open  and  obvious  to  an  experienced  miner  who  was 
injured  and  was  actually  known  to  the  miner  before  the  injury, 
and  where  with  knowledge  of  such  dangerous  condition  the  injured 
miner  had  been  using  the  haulageway  as  a  walkway  for  several 
days  previous  to  and  on  the  day  of  the  injury,  he  must  be  held  under 
such  circumstances  to  have  assumed  the  risk  of  the  danger  arising 
from  the  known  conditions. 

OiDchfleld  (?oal  Corporation  v,  Craiae  (Virginia),  86  Boatheastem,  135*  P>  137,  September,  1915. 
KNOWLEDGE  OF  DANGEROUS   CONDITION  OF  ROOF. 

An  experienced  miner  engaged  in  robbing  pillars  left  standing  as 
a  support  to.  the  roof  of  a  mine,  who  had  observed  a  piece  of  slate 
hanging  from  the  roof  and  had  tested  the  same  with  his  pick  and 


48  MINING  DECISIONS. 

found  it "  dnimmy,  *'  but  who  with  his  buddy  thought  the  slate  would 
stand  until  they  could  finish  their  work  at  that  place,  is  not  entitled 
to  recover  for  an  injury  received  from  the  falling  slate,  though  he 
had  properly  requested  props  but  the  operator  had  failed  to  furnish 
them,  where  there  was  no  assurance  from  the  mine  boss  or  other 
person  representing  the  company  that  the  place  was  safe. 

Imperial  JeUloo  Coal  Co.  «.  Fox  (Kentaidcy),  179  Soathwestero,  1032;  p.  1083,  NoTBmber,  191& 

DANGER   OBVIOUS. 

Where  the  danger  from  loose  slate  in  the  roof  is  so  obvious  to  an 
experienced  miner  that  no  man  of  ordinary  prudence  would  continue 
to  work  under  such  circumstances,  a  miner  assumes  the  risk  if  he 
undertakes  the  work,  and  the  operator  is  not  liable  if  injury  results ; 
and  this  rule  applies  to  an  experienced  miner  who  is  engaged  in 
robbing  pillars  in  a  mine  and  has  knowledge  of  the  dangerous  condi- 
tion of  the  roof  and  who  knows  that  the  cutting  out  of  the  pillars 
increases  the  danger,  though  the  miner  properly  requested  props 
which  had  not  been  furnished. 

Imperial  JeUloo  Coal  Co.  v.  Fox  (Eentaoky),  179  Soothwesteni,  1032,  p.  1033,  NoTember.  1916. 

NEGLIGENCE  OF  FELLOW  SERVANT. 

A  miner  or  other  employee,  when  he  undertakes  employment,  so 
far  as  the  mine  operator  is  affected,  assumes  all  the  risks  from  in- 
juries to  himself  which  are  caused  by  the  negligence,  either  ordinary 
or  gross,  of  his  f elloW  servants  who  are  upon  the  same  plane  of  equality 
as  himself  as  to  authority  and  engaged  in  the  same  work;  and  he 
likewise  assumes  all  risks  of  injuries  which  may  arise  from  the  ordi- 
nary negligence  of  a  superior  employee  in  the  same  work  as  himself 
where  the  negligence  does  not  result  in  death. 

Nebo  Coal  Co.  v.  Bamett  (Kentucky),  180  Southwestern,  79,  p.  81,  December,  191& 

BISKS  NOT  ASSUMED. 
INCOMPETENCY  OF  FELLOW   SERVANT, 

An  injured  employee  who  was  engaged  in  repairing  the  tracks  in 
a  mine  under  directions  to  do  the  work  with  the  least  possible  obstruc- 
tion to  the  cars  passing  in  and  out  is  not,  as  a  matter  of  law,  to  be 
charged  with  assumption  of  risk  of  the  incompetency  of  a  motorman 
operating  a  motor  and  hauling  cars  over  the  track,  where  in  the 
particular  instance  the  motorman  was  signaled  by  another  employee 
to  stop  before  reaching  the  point  where  the  repairs  were  being  made 
and  where  the  injured  employee  requested  the  other  employee  to 
signal  the  motorman  to  come  ahead  slowly  and  steadily,  but  instead 
of  giving  such  signal  the  employee  gave  the  signal  to  come  ahead 
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and  thereupon  the  motorman  ran  the  motor  and  his  trip  of  cars 
upon  and  over  the  place  where  the  track  was  being  repaired,  causing 
a  wreck  and  injuring  the  plaintiff;  but  the  question  of  the  assump- 
tion of  the  risk  as  well  as  the  contributory  negligence  of  the  injured 
employee  is  one  of  fact  to  be  determined  by  the  jury. 

Vlrgiiiia  Iran,  Coal  &  Coke  Co.  9,  Stanberry  (Virsixiia),  86  Soafheastam,  130,  p.  181,  Septombar,  1915. 

KNOWLEDGE  OF  INOOMPETENOY  OP  EMPLOYEE — PLIABILITY— QUESTION 

OF  FACT. 

Where  an  employer  knowingly  employs  an  incompetent  servant 
or  keeps  him  in  the  employment  after  notice  and  knowledge  of  such 
incompetency,  the  doctrine  of  assumption  of  risk  will  not  be  appUed 
as  a  matter  of  law  to  a  fellow  empk)yee  who  also  knew  of  such  incom- 
petency of  the  other  employee,  but  the  question  of  the  assumption 
of  risk  or  of  the  contributory  negligence  ol  the  injured  servant  is  a 
question  of  fact  to  be  submitted  to  a  jury  for  determination,  rather 
Uian  one  of  law  to  be  determined  by  a  court. 

Virginia  Iran,  Coal  A  Coka  Co.  v.  Stanbarry  (Virginia),  86  Southeastern,  130,  p.  131,  September,  1916. 

DEFECTIVE  CONDITION  OF  TBACK. 

In  an  action  by  a  miner  for  injuries  due  to  the  derailment  of  a 
motor  caused  by  the  defective  condition  of  the  track,  it  can  not  be 
said  that  the  miner  assumed  the  risk  of  the  accident,  as  a  miner 
does  not  assume  the  risk  growing  out  of  the  operator's  failure  to  use 
ordinary  care  to  furnish  him  a  reasonably  safe  place  in  which  to 
work,  or  reasonably  safe  appUances,  and  it  is  only  where  the  defect 
and  the  danger  therefrom  are  known  by  the  miner,  or  are  so  obvious 
that  an  ordinanly  prudent  person,  under  the  circumstances,  would 
have  observed  and  appreciated  them,  that  the  miner  can  be  said 
to  have  assumed  the  risk  thereof;  and  in  the  absence  of  evidence 
tending  to  show  that  the  miner  knew  of  the  defective  condition  of 
the  track,  or  that  the  defect  and  danger  were  plainly  observable, 
it  must  follow  that  he  did  not  assume  the  risk. 

Consolidated  Coal  Co.  9.  Koore  (Kentaoky),  178  Soathwestem,  1136,  p.  1137,  October,  1916. 

NEGLIGENCE  OF  OPERATOR. 

A  miner  working  in  a  mine  does  not  assume  an  extraordinary 
risk  caused  by  the  operator's  negligence. 

standard  Steel  Co.  v,  Clifton  (Alabama),  60  Soathem,  937,  p.  938,  October,  191& 

KNOWLEDGE   OF  DANGER. 

A  miner  operating  a  punching  machine  for  cutting  coal  is  not  to  be 
charged  with  the  assumption  of  the  risk  and  his  action  for  damages 
for  injuries  is  not  to  be  defeated  on  that  ground  because  he  knew 
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that  the  machine  had  stopped  two  or  three  times  and  its  defective  con- 
dition was  known  to  him  and  with  such  knowledge  he  continued 
to  work  with  the  machine,  as  it  is  not  sufficient  to  show  merely  that 
the  miner  knew  of  the  defective  condition  or  that  it  was  clearly  ob- 
servable, but  it  must  be  made  to  appear  that  the  danger  from  such 
condition  was  known  or  clearly  observable  and  appreciated  by  him. 
The  fact  that  he  knew  that  the  machine  had  stopped  on  two  or  three 
occasions  on  the  morning  of  the  injury  is  immaterial  where  it  does  not 
appear  that  when  the  machine  was  started  it  began  to  move  with 
such  violence  that  the  danger  therefrom  was  clearly  observable  and 
the  miner  was  justified  in  continuing  the  use  of  the  machine  where 
the  electrician,  who  repaired  it,  assured  the  miner  that  it  was  all  right, 
and  he  had  the  right  to  rely  on  the  assurance  thus  given  and  to  continue 
to  use  the  machine  unless  the  danger  was  so  obvious  that  an  ordi- 
narily prudent  person  would  have  refused  to  continue  working  with  it. 

Steanu  A  Lumber  Co.  t .  Calhoan  (Kentucky),  179  Soatliwestam,  SOO,  p.  501,  Nowmber,  1915. 
QBOSS   NEGLIGENCE  OF   SX7PERIOB  SERVANT. 

Under  the  Kentucky  rule  injuries  which  are  caused  to  a  miner  or  an 
inferior  employee  by  the  gross  negligence  of  his  superior  employee 
are  imputed  to  the  employer  or  mine  operator,  and  such  an  employee 
does  not  assume  the  risks  of  danger  which  arise  from  such  gross  n^- 
ligence  in  an  employee  superior  in  authority  to  himself;  but  this  rule 
is  limited  to  cases  where  such  superior  employee  has  the  immediate 
control  of  and  supervision  of  the  injured  employee,  and  does  not 
extend  to  cases  where  the  superior  employee's  ordinary  negligence 
causes  injury  to  an  inferior  employee  who  is  not  immediately  under 
his  control  and  supervision. 

N«bo  Coal  Co.  v.  Baraett  (Kentucky),  180  Southwsttern,  79,  p.  81,  Deoember,  1916. 
VIOLENT  AND  UNUSUAL  JERKS  OF   ICOTOB. 

An  injury  received  by  an  employee  from  an  ordinary  and  necessary 
jerk  in  the  operation  of  a  motor  and  coal  cars  in  a  mine  is  the  result 
of  a  risk  assumed  by  the  employee,  but  an  injury  from  a  violent  and 
unusual  and  unnecessary  jerk  does  hot  arise  from  such  assumed  risk, 
and  proof  of  a  jerk  by  a  motor  operating  upon  the  coal  cars  which 
is  violent,  unusual,  and  unnecessary  may  be  evidence  of  negligence 
on  the  part  of  the  person  operating  the  motor;  and  where  a  jolt 
received  by  a  coal  car,  thereby  causing  the  injury  complained  of,  was 
unusual,  violent,  and  unnecessary,  a  miner  suing  for  an  injury  result- 
ing therefrom  is  entitled  to  have  his  contention  upon  this  subject 
submitted  to  and  determined  by  a  jury. 

Nobo  Coal  Co.  v.  Bamett  (Kentuoky),  180  Southwestani,  79,  p.  80,  Dootmber,  19U. 
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DTTTY  AND  UABUJTY  TO  TBBSPASSEB,  LICBNSBB,  OB  INVITBB. 
VOLUNTABT   WORK  OUTSIDE  OF   SCOPE  OF   EMPLOYMENT. 

Where  an  employee  in  a  mine  quits  the  work  assigned  to  him  by 
his  employer  and  voluntarily  imdertakes  to  do  work  about  which  he 
has  no  duties  to  perform  by  virtue  of  the  contractual  relation  existing 
between  him  and  his  employer,  there  is  during  such  time  and  while 
such  condition  exists  no  duty  on  the  part  of  the  employer  to  use  care 
for  his  safety. 

RepabUo  Iron  &  Steel  Co.  v,  Qoiotoii  (Alabama),  60  Soufhern,  004,  p.  606,  July,  1916. 
LIABELITT  FOB  OFFICER  REMOVING  TRESPASSER. 

A  coal-mine  operator  is  not  liable  to  a  third  person  for  an  alleged 
assault  on  him  by  one  of  its  officers  in  evicting  and  ejecting  him  from 
the  premises  of  the  company,  where  such  officer  used  such  force  only 
as  was  reasonably  necessary  to  evict  the  intruder,  as  it  is  the  undoubted 
right  of  a  lawful  owner  or  of  an  occupant  of  premises  to  retain  posses- 
sion and  to  use  such  force  as  may  be  reasonably  necessary  to  remove 
therefrom  trespassers  or  intruders  who  conduct  themselves  in  an 
improper  manner  and  refuse  to  desist  or  leave  on  request. 

Luoafoid  9.  Hatfield  Coal  Co.  (Kentucky),  178  Southwestern,  1166,  p.  1167,  October,  l9Vk 

CARE  TOWARD   LICENSEE. 

A  miner  who  has  been  employed  by  and  is  working  for  a  mine  opera- 
tor but  who  for  sufficient  reason  was  not  working  on  the  particular 
day  but  for  his  own  purposes  or  in  aiding  a  friend  entered  upon  the 
premises  of  the  mine  operator  is  only  a  Ucensee,  and  the  duty  of  the 
operator  to  him  was  simply  not  to  wantonly  or  intentionally  injure 
him,  and  the  operator  can  not  be  held  liable  for  the  death  of  such 
miner  who,  while  occupying  the  position  of  the  licensee  and  while 
spending  his  time  at  the  sand  house,  was  killed  by  an  explosion  of 
powder  in  course  of  conveyance  to  the  mines  on  one  of  the  coal  cars. 

Westbome  Coal  Co.  v,  WlUoughby  (Tennessee),  180  Southwestern,  823,  p.  333,  November,  1916. 
▲OTIVE  NEGLIGENCE — ^MEASURE  OF  LIABILITT  TO  LICENSEE. 

The  term  "active  negligence"  is  one  of  extensive  meaning,  obvi- 
ously embracing  many  occurrences  that  would  fall  short  of  willful 
wrongdoing  or  of  crass  negligence  and  negligence  of  inadvertent  acts 
causing  injury  to  others  resulting  from  the  failure  to  exercise  ordinary 
care  as  well  as  of  acts  the  effects  of  which  are  misjudged  or  unforeseen, 
through  want  of  proper  attention  or  reflection,  and  it  may  cover  acts 
of  willf 111  wrongdoing  as  well  as  those  not  of  that  character  and  is  not  a 
reliable  term  as  a  measure  of  right  or  duty  for  the  purpose  of  determin- 
ing liability  for  the  death  or  injury  of  a  licensee. 

Wastbonie  Coal  Co.  v.  WJUoaghby  (Tennessee),  180  Soathwestem,  333,  p.  326^  NovemlMr,  101& 


52  ICIKINO  DECISIONS. 

DUTT  OF  MINE  OWNEB  TO  INTITEE. 

The  duty  of  a  mine  owner  to  take  proper  precautions  to  provide 
a  safe  place  for  an  invitee  is  coextensive  with  the  premises  to  be  used 
and  is  not  limited  to  the  immediate  locality  where  the  contemplated 
work  is  to  be  done,  but  extends  to  every  part  of  the  premises  or  mine 
and  every  instrumentality  which  may  be  visited  or  used  by  the  work- 
man for  a  purpose  incidental  and  reasonably  adapted  to,  or  associated 
withy  the  accomplishment  of  the  purpose  for  which  the  invitation  was 
given;  and  a  custom  of  a  miner  or  an  invitee  to  occupy  a  particular 
place  in  the  mine  may,  if  long  continued  and  acquiesced  in  by  the 
mine  owner,  amount  to  an  implied  invitation  to  do  the  act  or  be  at  the 
place  in  question,  and  this  renders  the  mine  owner  liable  for  an  injury 
to  such  invitee  while  at  such  place. 

Pattenon  v.  Alabamft  Fuel  &  Iron  Co.  (  Alabamft),  60  Soath«m,  962,  i>.  053,  NoTember,  1915b 

INDBPBNDBHT  CONTRACTOR. 

LIABILITT    OF    SHNE    OWNEB    TO     EMPLOYEE    OF    INDEPENDENT 

CONTRACTOR. 

When  a  mine  owner  invites  a  second  person  to  assist  in  driving  an 
entry  and  in  mining  coal  therein,  and  the  latter  is  injured  by  reason 
of  a  dangerous  condition  existing  at  any  place  in  the  mine,  the  mine 
owner  is  liable  if  circumstances  were  such  as  to  justify  the  inference 
that  such  second  person  had  a  legal  right,  derived  from  the  mine 
owner,  to  occupy  the  place  where  his  injury  occurred,  and  if  it  was 
apparent  to  the  mine  owner,  considered  as  a  man  of  ordinary  powers 
of  observation,  that  the  position  likely  to  be  assumed  by  such  second 
person  in  the  exercise  of  the  right  so  acquired  with  respect  to  the 
owner  himself  or  some  physical  agency  which  was  under  his  control 
at  the  time,  is  such  that  such  second  person  will  be  likely  to  suffer 
injury  if  the  mine  owner  does  not  take  precautions  to  prevent  that 
injury  which  would  occur  to  a  prudent  man  as  being  appropriate. 

Patterson  v,  Alabama  Fuel  &  Iron  Co.  (Alabama),  69  Soathem,  052,  p.  063,  November,  1915. 
SERVANT'S   USE   OF   DANGEROUS   PLACE — LIABILITY   OF   MINE   OWNER. 

A  mine  owner  can  not  be  held  liable  for  the  death  of  a  miner 
employed  by  an  independent  contractor,  where  the  death  was  caused 
in  an  air  course  which  was  but  a  rough  passageway  for  the  circu- 
lation of  outer  air  and  was  otherwise  used  only  as  a  conduit  for  the 
power  cable  and  was  neither  adapted  nor  designed  for  any  other  use, 
and  this  must  have  been  clearly  apparent  to  any  man  of  even  the 
least  experience  and  intelligence,  and  its  very  use  and  condition 
was  a  sufficient  warning  to  him  not  to  enter,  and  the  mine  owner 
was  under  no  duty  to  keep  him  out  by  guard  rails  or  posted  warning; 
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and  his  employment  by  a  contractor  to  mine  coal  in  a  heading  could 
not  by  any  reasonable  association  of  ideas  suggest  to  the  mine 
owner  the  likelihood  of  the  intestate's  entrance  into  the  air  course 
for  any  legitimate  purpose  incidental  to  his  employment  and  where 
his  presence  at  the  place  where  he  met  his  death  was  neither  for 
convenience  or  by  necessity,  so  far  as  work  was  concerned,  and  where 
the  possible  explanation  was  that  he  had  stored  his  powder  in  the 
air  course,  in  violation  of  law,  and  knowing  that  a  mine  inspector 
was  inspecting  the  mine,  he  hurried  into  the  air  course  to  further 
conceal  or  remove  the  powder  to  prevent  its  discovery,  and  where 
there  was  nothing  disclosed  in  the  evidence  to  show  that  the  mine 
owner  knew  that  the  air  course  was  being  used  for  such  a  purpose 
and  did  not  by  acquiescence  impliedly  invite  him. 

Psttenon  v.  Alabama  Fnel  &  Iran  Co.  (Alabama),  99  Sootbem,  W2,  p.  053,  November,  191S. 
CONTRACTS  BBLATING  TO  OPBBATIONS. 

HININO  OUT  PILLABS. 

A  coal  lease  demised  all  the  coal  and  veins  of  coal  upon  the  prop- 
erty and  was  to  continue  during  such  period  and  term  as  should  be 
required  to  mine  and  carry  away  all  the  merchantable  and  marketable 
coal  in,  under,  and  upon  the  leased  premises,,  and  bound  the  lessee 
to  mine,  take  away,  and  pay  for  all  the  merchantable  and  marketable 
coal  in  and  imder  the  leased  premises,  and  provided  that  the  lessee 
should  not  be  liable  to  the  lessor  for  any  injury  to  or  falling  in  of  the 
surface  of  the  land  in  consequence  of  mining  or  removing  the  coal  or 
of  making  tunnels  or  other  openings  into  the  same,  unless  damage 
should  result  from  the  willful  misbehavior  or  gross  negligence  of  the 
lessee.  Under  the  terms  of  such  a  lease  the  owners  in  fee  of  the 
land  which  is  the  subject  of  the  lease  can  not  restrain  the  lessee  from 
mining  out  and  removing  the  pillars  left  during  the  course  of  mining 
operations  to  support  the  roof,  and  where  such  pillars  are  no  longer 
needed  to  protect  mining  operations,  as  the  intention  of  the  lessors 
in  entering  into  the  lease  was  for  the  purpose  of  having  the  entire 
body  of  their  coal  mined  and  removed  so  they  could  realize  upon  it, 
and  this  was  to  be  done  without  regard  to  the  effect  of  the  mining 
operations  upon  the  surface,  and  the  covenant  against  liability 
for  injury  to  any  part  of  the  surface  arising  from  the  act  of  mining 
and  removing  aU  of  the  coal  is  conclusive  against  the  lessors  on  the 
proposition  that  the  lessee  is  not  required  under  the  lease  to  leave 
pillars  or  any  part  of  the  coal  for  the  support  of  the  surface,  and 
this  rule  obtains  although  the  lease  provided  that  mining  operations 
should  be  continued  in  a  workmanlike  manner  and  pillars  should 
be  left  of  such  size  and  nuxuber  as  should  be  necessary  to  support 
the  roof;  and  the  mining  and  removing  of  the  coal  in  such  vein 
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should  be  so  conducted  as  not  to  injure  or  interfere  with  the  mining 
or  removing  of  coal  from  any  other  vein  either  overhan^ng  or  under- 
lying, so  that  at  the  expiration  of  the  term  of  the  lease  the  mines 
and  improvements  shall  be  left  in  as  good  order  and  condition  for 
future  mining  as  any  prudent  operator  would  leave  the  same  were 
he  entitled  to  continue  mining  for  a  series  of  years;  but  this  stipula- 
tion referred  only  to  such  termination  of  the  lease  as  might  for  some 
suJScient  reason  take  place  before  all  the  coal  upon  the  premises  was 
mined,  and  it  was  the  proper  preservation  of  the  colliery  as  a  going 
concern  during  the  course  of  mining  that  was  intended  to  be  safe- 
guarded by  tlus  clause,  so  that  ultimately  the  greatest  quantity  of 
coal  could  be  won.  And  it  is  further  observed  that  the  pillars  were 
to  be  left  in  the  mine  to  support  the  roof  and  not  the  surface,  as  the 
support  of  the  roof  would  be  required  in  order  to  protect  "lining 
operations,  and  after  the  coal  is  exhausted  such  protection  would 
no  longer  be  necessary. 

Mllti  f .  New  York  A  Sosqueliaima  Western  Coal  Co.  (Peonsylvuiia),  96  Atiantio,  S07,  i».  806,  Joly^  IMfiw 
OONTRACT   TO    PUMP    WATER   OUT   OF   MINE — ^DAMAGES   FOB    BREACH. 

A  judgment  is  sufficiently  supported  by  the  evidence  where  it 
appears  that  the  plaintiff  in  an  action  was  employed  by  the  owner 
of  a  coal  mine  to  pump  the  water  out  and  keep  it  out  of  a  certain 
entry  in  the  mine,  and  for  which  he  was  to  receive  9  cents  a  ton 
on  the  coal  mined  from  the  particular  entry,  and  where  the  plaintiff 
claimed  that  the  contract  included  the  coal  left  in  the  pillars  and 
stumps  of  the  entry,  and  where  it  appeared  that  he  coiild  have  made 
a  clear  profit  of  6  cents  a  ton,  and  the  verdict  and  judgment  were 
based  on  the  finding  that  there  was  15,000  tons  of  coal  he  was 
entitled  to  have  mined  under  his  contract,  but  was  prevented  by 
the  mine  owner. 

Trosper  0.  Radtr  (Ktntuoky),  179  Southwesiern,  10Z3,  Movomber,  19lk 
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PARTNERSHIP  AOEEEMENT — GRUBSTAKE  CONTRACT. 

An  agreement  stipulated  that  one  of  the  parties  should  be  a  full- 
fledged  partner  with  the  three  other  persons  named,  and  have  one- 
quarter  undivided  interest  in  all  claims,  lodes,  and  water  rights 
acquired  and  owned  by  the  parties,  the  agreement  stating  that  the 
one  person  so  made  a  partner  was  to  furnish  the  above-mentioned 
parties  with  provisions  from  time  'td  time  up  to  a  stated  date.  The 
consideration  for  the  transaction  was  $30,000  and  the  agreement 
provided  for  the  payment  of  $6,000  cash,  the  balance  of  $24,000  to 
be  paid  *'of  the  first  money  taken  out  of  the  groimd."  In  a  contro- 
versy over  the  mining  operations  and  in  an  action  to  dissolve  the 
partnership  the  words  ^^of  the  first  money  taken  out  of  the  ground" 
were  held  to  mean  the  first  money  taken  out  of  the  ground  to  which 
the  grantee  was  entitled,  which  wotdd  be  one-fourth  of  the  amount 
so  taken,  or  the  gross  amount  to  which  the  grantee  would  be  entitled 
and  not  the  net  proceeds,  and  where  it  appeared  that  the  aggregate 
gross  amount  was  $26,038.30,  the  grantee  is  entitled  to  have  one- 
fourth  thereof,  or  $6,509.57,  appUed  to  the  $24,000  deferred  payment. 
But  as  the  business  of  the  firm  restdted  in  a  deficit  the  adjustment 
had  to  be  apportioned  in  the  payment  of  the  indebtedness  of  the 
firm,  and  where  it  appeared  that  the  total  indebtedness  was  $19,314.94 
the  original  grantee  was  held  liable  to  the  amount  of  $10,628.76. 

Lesamig  p.  Oreenberg,  225  Federal,  449,  p.  4fiO,  August,  1915. 

RIGHTS   OF  PARTNERS   ON   DISSOLUTION. 

On  the  sale  of  assets  of  a  partnership  the  partners  will  share  equally 
in  the  proceeds  and  be  entitled  to  have  the  same  appUed  in  that 
proporticm  to  their  indebtedness  to  the  firm  and  the  adjustment  in 
the  end  must  be  on  the  basis  of  an  equal  division  of  the  partnership 
property f  and  mining  claims  held  by  three  persons  at  the  time  of 
making  an  agreement  with  a  fourth,  by  which  he  shoiild  become  a 
partner  with  a  one-fourth  undivided  interest  in  all  the  mining  prop- 
erties then  owned  or  to  be  acquired,  and  pursuant  to  which  agree- 
ment the  three  persons  conveyed  to  the  fourth  the  undivided  one- 
fourth  interest  in  the  mining  property,  became  partnership  property 
and  they  are  subject  to  the  partnership  indebtedness  as  partnership 
assets. 

Leeamis  r.  Greenberg,  225  Federal,  449,  p.  462. 
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LEASBS  aSNSBALLY— OONSTBirCnON. 
PRACTICAL  CONSTRUCTION — INTENTION  OF  PARTIES. 

When  the  terms  of  a  coal  lease  are  doubtful  or  capable  of  two 
different  interpretations,  the  meaning  put  on  the  instrument  by  the 
parties  themselves  may  be  shown  and  will  be  enforced  by  the  courts, 
as  their  interpretation  of  the  instrument  is  strong  evidence  of  being 
the  correct  one  and  expressive  of  the  intention  of  the  parties  when 
executing  the  contract;  but  if  the  contract  is  not  ambiguous  or 
uncertain  in  its  terms,  and  the  intention  of  the  parties  as  disclosed 
by  its  provisions  is  not  doubtful,  then  the  construction  acted  upon 
by  the  parties  is  not  controlling  and  will  not  be  enforced  by  the 
courts. 

Tiutln  V.  Philadelphia  &  Kesding  Coal  &  Iron  Co.  (Pennsylvania),  95  Atlantic,  Sft5,  p.  599,  July,  1915. 
INTEREST  IN  REAL  ESTATE — SALE  OP  OIL  WELL  FOR  TAXES. 

An  oil  and  gas  lease  or  contract  conveyed  an  interest  in  the  land 
where  the  lessee  had  completed  producing  wells,  and  the  wells  so  drilled, 
with  the  machinery  attached,  must  be  considered  real  estate  and  not 
personal  property,  aUd  can  not  be  sold  for  taxes  as  personal  property. 
This  proposition  is  on  the  theory  that  while  oil  and  gas  leases  differ 
from  ordinary  leases  and  usually  give  the  lessee  the  right  only  to 
explore  the  land  for  oil  and  gas  (and  until  he  finds  either  one  or  the 
other  he  has  no  interest  in  the  land),  but  if  the  lessee  finds  oil  and  gas 
then  his  so-called  lease  has  ripened  into  an  interest  in  the  land. 

Johnson  r.  Sidney  (Indiana  Appeals),  109  Northeastern,  934,  p.  935,  October,  1915. 

COAL  LEASES. 
LIABILITY   UNDER   LEASE — MISTAKE   OF   LAW. 

A  coal  lessee  accepting  a  lease  of  four  small  tracts  to  mine  coal  and 
pay  a  certain  stipulated  royalty  per  ton  for  all  the  merchantable 
coal  mined  and  removed  and  a  fixed  minimum  cash  rental  of  a 
certain  stated  amount  per  annum  during  the  continuance  of  the  lease 
can  not  refuse  to  pay  the  stipulated  royalty  on  the  ground  of  a 
mistake  in  reliance  upon  the  lessor's  ownership  of  one  of  the  four 
tracts,  and  that  by  reason  thereof  more  coal  had  been  paid  for  than 
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was  under  the  other  three  tracte,  where  all  the  facts  conceming  the 
disputed  title  were  of  record  when  the  lease  was  made,  and  the  mistake, 
if  there  was  a  mistake,  was  a  mistake  of  law  and  not  of  fact. 

Clark  V.  Lehigh  &  Wllkea-Barre  Coal  Co.  (Pennsylvania),  06  Atlantic,  462,  July,  1915. 

TITLE   TO   LEASED  TRACTS — MISTAKE   AS  TO  ONE  TRACT. 

A  lease  of  coal  lands  granted  to  the  lessee  all  the  coal  underlying 
four  contiguous  pieces  of  land  separately  described,  the  lessee  to  hold 
the  premises  until  he  should  have  mined  and  removed  therefrom  all  the 
merchantable  and  mineable  coal,  and  to  pay  a  stipulated  royalty  per 
ton  thereon  with  a  fixed  minimum  cash  rental,  such  cash  rental  to  be 
paid  by  royalties.  The  lessee  after  operating  the  premises  for  20 
years  and  mining  and  removing  coal  from  all  four  of  the  demised 
tracts,  paid  the  lessor  all  fixed  cash  rentals  and  royalties  as  they 
accrued;  and  the  lessee  while  continuing  to  mine  coal  from  the  prem- 
ises, and  while  all  the  merchantable  and  mineable  coal  had  not 
been  mined,  refused  payment  of  royalties  and  of  rentals  on  the  ground 
that  the  title  and  ownership  of  the  fourth  tract  described  in  the 
lease  was  not  in  the  lessor,  but  was  in  fact  in  the  lessee,  and  that 
the  lessee,  beUeving  and  relying  on  the  title  and  ownership  by 
the  lessor,  had  through  accident  and  mistake  paid  more  for  coal 
than  was  in  the  other  three  tracts  of  land  and  was  therefore  under 
no  obligation  to  pay  the  lessor  for  additional  coal  mined,  but  the 
lessee  was  entitled  to  reimburse  himself  for  such  overpayments 
from  those  tracts  which  the  lessor  did  in  fact  own.  Granting  that 
the  title  to  the  fourth  tract  was  in  the  lessee  at  the  time  of  the 
execution  of  the  lease,  yet  the  mere  fact  that  the  lessee  took  the 
lease  is  not  sufficient  of  itself  to  show  that  there  was  any  mistake 
as  to  the  title  at  the  time  the  contract  was  executed;  and  as  the 
leased  property  consisted  of  four  small  contiguous  pieces  of  coal 
claimed  by  the  lessor,  none  or  not  more  than  one  of  which  was 
large  enough  for  a  coal  operation,  the  lessor  manifestly  would  desire 
to  let  the  coal  under  the  four  pieces  if  at  all,  as  working  the  smaller 
tracts  as  a  separate  operation  would  not  be  practicable.  The  court 
must  assume,  in  the  absence  of  a  showing,  that  it  was  more  than 
probable  that  the  question  of  the  title  was  disclosed,  and  while  the 
lessee  may  have  asserted  title  yet  he  agreed  to  take  the  lease  as  a 
compromise  of  any  conflicting  claims  because  of  the  advantages 
that  would  accrue  therefrom;  and  after  the  lapse  of  20  years,  during 
which  time  the  lessee  has  operated  the  coal  and  paid  the  rental, 
direct  and  satisfactory  proof  of  the  alleged  mistake  must  be  pro- 
duced before  a  court  of  equity  would  reheve  the  lessee  from  the 
payment  of  the  stipulated  royalties. 

Clark  V.  Lehigh  ^e  Wilke»-Barre  Coal  Co.  (Pennsylvania),  95  Atlantic,  4B2,  July,  1916. 


58  MINIKG  DECISIONS. 

0ON8TEUCTION — ^ROYALTIES — RIGHT  OP  WAT  CHARGES. 

A  coal  lease  obligated  the  lessee  to  pay  the  lessor  as  rent  a  gradu- 
ated rent  beginning  with  a  certain  stated  rate  per  ton  for  large 
and  prepared  sizes  and  down  to  a  smaller  stated  sum  for  coal  dirt, 
mined  and  carried  away  or  shipped  from  the  demised  premises,  the 
rent  increasing  after  a  certain  stated  date.  The  lease  contained  a 
further  obligation  to  pay  a  rent  or  right  of  way  of  5  cents  per  ton 
on  all  coal  mined  from  adjoining  lands  and  carried  through  the 
demised  premises,  to  be  paid  at  the  same  time  and  in  the  same 
manner  as  the  payment  of  rents  on  the  coal  mined.  The  lease 
obligated  the  lessee  to  mine  and  ship  at  least  a  certain  stated  number 
of  tons  of  coal  each  month,  payment  of  rents  thereon  to  be  made 
on  the  16th  of  each  succeeding  month,  such  sum  of  money  when 
added  to  the  rents  accrued  during  such  month  to  be  equal  to  a 
certain  stated  sum,  and  providing  that  any  excess  of  rents  for  any 
month  may  be  applied  to  a  deficit  for  a  succeeding  month.  The 
word  **  rents,"  as  used  with  reference  to  the  coal  mined  and  shipped 
is  construed  qs  including  the  rent  or  royalty  on  coal  mined  from  the 
leased  premises,  and  does  not  include  the  right  of  way  charge  as 
part  of  the  minimum  royalty  payable  each  month;  and  the  lessee 
was  required  to  pay  the  right  of  way  charge  in  addition  to  the  mini- 
mum monthly  royalty;  and  when  the  lessee  failed  to  mine  the 
stipulated  number  of  tons  in  any  month  it  was  required  to  pay  the 
difference  between  the  royalties  on  the  coal  actually  mined  and 
the  minimum  royalty  fixed  by  the  lease,  and  also  to  pay  the  right  of 
way  charge  for  coal  carried  through  the  leased  premises. 

Tustin  V.  Philadelphia  &  Reading  Coal  ^e  Iron  Co.  (Pennsylvania),  05  Atlantic,  505,  p.  507,  July,  1915. 
PURCHASE  OF  LEASE  INDUCED  BY  FRAUD — ABATEMENT  IN  PRICE. 

A  coal-mining  company  is  entitled  to  an  abatement  of  the  purchase 
price  to  the  extent  of  the  actual  value  of  the  property,  where  it  was 
induced  to  purchase  a  mining  lease  by  the  false  and  fraudulent  repre- 
sentation of  a  person  interested  in  the  lease  and  who  was  to  and  did 
receive  the  consideration  for  such  lease,  and  who  falsely  represented 
that  the  coal  in  the  leased  mine  was  very  low  in  ash  and  guaranteed 
that  it  was  25  per  cent  better  than  certain  coals  well-known  to  the 
purchaser,  and  furnished  the  purchaser  an  analysis  showing  that  the 
coal  contained  but  a  comparatively  small  percentage  of  ash,  when  in 
truth  and  in  fact  the  coal  contained  from  2  to  2)  times  as  large  a  per- 
centage of  ash  as  the  other  named  coals,  and  where  the  mining  com- 
pany relied  upon  the  representations,  purchased  the  coal  lease,  and 
thereafter  operated  the  mine  and  mined  and  sold  the  coal,  and  where 
the  representations  as  to  the  quality  of  the  coal  were  false  and  the 
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coal  was  not  of  the  quality  represented,  but  was  greatly  inferior  in 
grade  and  could  not  be  sold  in  the  market  as  coal  of  the  quality  as 
represented,  and  by  reason  of  the  high  percentage  of  ash  in  the  coal  it 
was  practically  impossible  to  market  the  product  of  the  mine,  and 
the  value  of  the  property  was  greatly  less  on  account  of  the  quality 
of  the  coal  and  was  not  in  fact  worth  half  as  much  as  it  would  be 
if  the  coal  were  as  represented. 

Consumers'  Fuel  &  Coal  Co.  v.  Yarbrough  (Alabama),  00  Soathern,  897,  p.  890,  October,  1915. 

OIL  AND  GAS  LEASES. 
CONSTRUCTION  OF  LEASE — TIME  AS   ESSENCE  OF  CONTRACT. 

The  fact  that  the  statute  of  Oklahoma  provides  that  time  is  never 
considered  as  the  essence  of  a  contract,  unless  by  its  terms  expressly 
so  provided,  does  not  mean  that  time  is  never  the  essence  of  a  con- 
tract unless  these  particular  words  are  used  in  it,  but  if  it  appears 
from  the  provisions  contained  in  a  contract  that  it  was  the  intention  of 
the  parties  that  time  should  be  of  the  essence  thereof,  then  it  is  within 
the  reason  of  the  statute. 

Mitchell  V.  Provost  (Oklahoma),  162  Pacific,  597,  p.  599,  October,  1915 

NATURE   AND  CONSTRUCTION. 

An  agreement  in  the  form  of  a  lease  for  a  limited  term  of  years 
granting  the  right  to  explore  for  oil  and  gas  and  to  retain  that  found 
and  extracted  is  of  a  peculiar  class,  and  the  interest  acquired  by  the 
lessee  is  more  in  the  nature  of  a  license  than  an  estate  in  the  land  itself. 

Jiitchell V.  Provost  (Oklahoma),  152  Pacific,  507,  p.  599,  October.  1915. 

UNILATERAL    CONTRACT. 

Oil  and  gas  leases  usually  lack  the  mutuality  essential  to  their  va- 
lidity, and  a  unilateral  executory  contract  is  inlaw  a  nudum  pactum 
and  unenforceable;  and  where  such  a  contract  is  left  to  one  of  the  ' 
parties  to  choose  whether  he  will  proceed  or  abandon  it,  neither  can 
specifically  enforce  its  execution  in  equity.  Grenerally  such  leases  of 
land  for  the  exploration  and  development  of  oil  or  gas  or  other  min- 
erals are  executed  by  the  lessor  in  the  hope  and  upon  the  condition, 
either  express  or  implied,  that  the  lands  shall  be  developed  for  the 
minerals  contempla^d;  and  it  would  be  unjust  and  unreasonable  and 
would  contravene  the  nature  and  spirit  of  the  lease  to  permit  the 
lessee  to  continue  to  hold  under  it  any  considerable  length  of  time 
without  making  any  effort  to  develop  the  premises  according  to  the 
express  or  implied  purpose  of  the  lease. 

Boaper  c.  Xing  (Kentucky),  180  Southwestern,  46,  p.  47,  November,  191A. 
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OPTIONAL  PROVISION — CONSTRUCTION  AND  CANCELLATION. 

An  oil  and  gas  lease  containing  a  provision  to  the  effect  that  if  a 
well  is  not  drilled  on  the  leased  premises  in  one  year  from  date,  then 
the  lease  and  agreement  shall  be  null  and  void,  unless  the  lessee 
within  each  and  every  year  in  advance,  after  the  drilUng  of  a  well, 
shall  pay  a  certain  stipulated  rental  per  acre  for  the  first  year,  amounts 
to  an  option  only  and  gives  the  lessor  the  right  to  cancel  the  agree- 
ment unless  the  conditions  are  complied  with  and  such  optional 
agreements  are  strictly  construed  in  favor  of  the  party  that  is  bound 
and  against  the  party  that  is  not  bound. 

Hitchell  0.  Provost  (Oklahoma),  152  Pacific,  SffI,  p.  599,  October,  191& 
LEASE    AS    INTEREST    IN    LAND — ASSIGNMENT — STATUTE    OF    FRAUDS. 

Oil  and  gas  are  minerals  and  are  a  part  of  the  realty,  and  a  lease 
giving  to  the  lessee  the  right  to  explore  certain  lands  and  remove 
therefrom  the  oil  and  gas  is  a  contract  for  the  transfer  and  sale  of  an 
interest  in  land  and  is  required  to  be  in  writing;  and  as  the  lease 
itself  is  required  to  be  in  writing,  sd  the  assignment  thereof  must 
also  be  in  writing,  and  a  parol  assignment  of  such  a  lease  is  within  the 
statute  of  frauds. 

B«ekett  p.  Iseman  Oil  Co.  (Kentucky),  178  Soathwestem,  1084,  September,  191fiL 
ACTION   TO   RECOVER   ROYALTIES — ^PARTIES. 

In  an  action  by  a  lessor  against  the  lessee  for  an  accounting  of 
royalties  on  oils  produced  under  an  oil  and  gas  lease  and  where  it  is 
averred  that  the  lessee  after  the  execution  of  the  lease  assigned  one- 
half  thereof  to  a  named  third  person,  it  is  necessary  that  such  third 
person  be  made  a  party  in  order  that  all  rights  might  be  litigated  in 
the  one  suit. 

Gardner  o.  Soath  Penn  Oil  Co.  (West  Virginia),  86  Southeastern,  Seo,  September,  1915. 
LEASE   FOR  OIL  DOES   NOT   INCLUDE   GAS. 

An  oil  and  gas  lease  executed  upon  a  certain  stated  -consideration 
provided  further  that  the  lessee  was  to  pay  to  the  lessor  a  certain 
stated  sum  within  90  days  after  a  well  for  oil  and  gas  is  drilled  and  oil 
produced  in  a  pipe  Une  in  paying  quantities,  and  to  pay  a  Uke  sum 
within  90  days  after  each  paying  well  thereafter  is  drilled  until  the 
payments  amount  in  all  to  a  certain  stated  sum,  lloes  not  require  the 
lessee  to  pay  the  stated  sum  where  a  well  was  drilled  on  the  premises 
which  produced  gas  only. 

Ball  V.  Freeman  (West  Virginia),  87  douthea^tem,  91,  November,  1915. 

DRAINING  ADJOINING   LANDS — BRIGHT  TO   ACCOUNTING. 

While  oil  wells  drilled  and  operated  may,  by  reason  of  their  prox- 
mity  to  a  division  line,  in  fact  drain  oil  from  adjoining  lands,  yet 
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such  operations,  in  the  absence  of  special  circumstances  or  relations 
between  the  parties,  offer  no  basis  for  a  claim  to  a  share  in  or  an 
accounting  for  the  oil  so  produced,  or  for  a  receivership  for  the 
operation  of  the  wells  so  drilled. 

Cain  V,  South  Penn  Oil  Co.  (West  Virginia),  86  Sontheastern,  8S3,  p.  885,  October,  1915. 
See  Fairbanks  r.  Warrum  (Indiana  Appeals),  104  Kortbe^tern,  963,  p.  986w 

DRILLING    NEAR   LINE — FRAUD   NOT   IMPUTABLE. 

A  lessee  who  obtained  an  oil  and  gas  lease  from  the  owner  of 
land  and  who  was  unable  to  obtain  a  lease  from  the  adjoining  land- 
owner, is  not  to  be  charged  with  fraud  by  the  latter  and  is  not  liable 
to  such  adjoining  landowner  for  any  part  of  the  oil  produced  by  him 
from  wells  on  the  leased  land,  though  located  so  near  the  Une  as  to 
drain  the  oil  from  the  adjoining  premises,  and  the  mere  execution  of 
such  a  lease  causes  no  inference  of  a  fraudulent  intent  and  justifies 
no  implication  of  a  purpose  on  the  part  of  the  lessee  to  wrong  the 
adjoining  landowner. 

Gain  r.  South  Penn  Oil  Co.  (West  Virginia),  86  Southeastern,  883,  p.  885,  October,  1915. 
See  Fairl  anVs  t.  Warrum  (Indiana  Appeals),  104  Northeastern,  983,  p.  986. 

FORFEITURE   OF  OIL  AND  GAS   LEASE   FAVORED. 

While  the  general  rule  is  that  forfeitures  are  not  favored  by  the 
law,  yet  forfeitures  on  the  part  of  lessees  in  oil  and  gas  leases,  which 
arise  by  reason  of  the  neglect  of  the  lessees  to  develop  or  operate 
the  leased  premises,  are  favored  by  the  law  because  of  the  peculiar 
character  of  the  product  to  be  produced. 

Mitchell  r.  Provost  (Oklahoma),  152  Facldc,  £97,  p.  599,  October,  191& 

Forfeitures  generally  are  not  favored  by  the  law,  but  forfeitures 
which  arise  in  gas  and  oil  leases  by  reason  of  the  neglect  of  the 
lessee  to  develop  or  operate  the  leased  premises  are  rather  favored 
because  of  the  peculiar  character  of  the  product  to  be  produced, 
and  in  such  cases  it  is  necessary  to  guard  the  rights  of  the  land- 
owner as  well  as  pubUc  interests  by  numerous  covenants,  some  of 
the  most  stringent  kind,  to  prevent  other  lands  from  being  drained 
by  unexecuted  and  profitless  leases  incompatible  with  the  rights 
of  alienation  and  the  use  of  the  land;  and  so  forfeiture  for  non- 
development  or  delay  is  essential  to  profit  and  public  interests  in  re- 
lation to  the  use  and  alienation  of  properties  and  prompt  perform- 
ance of  contracts  so  essential  to  the  rights  of  the  parties,  or  delay 
by  one  party  hkely  to  prove  so  injurious  to  others,  is  perhaps  found 
in  no  other  business.  However,  if  the  lessor  accepts  the  annual 
rentals  the  contract  will  be  perpetuated,  but  he  may  at  the  end  of 
any  rental  period  decline  to  accept  rent  and  require  the  lessee  to 
begin  operations  for  oil  or  gas. 

Soaper  t.  King  (Kentucky),  180  Southwestern,  46,  p.  47,  NoTembcr,  1915. 
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RIGHT  TO   RENTALS — ^FORFEITURE. 

Under  an  oil  and  gas  lease  the  lessee  agreed  to  commence  a  well 
on  the  premises  within  90  days  from  the  date  or  to  pay  the  lessor 
25  cents  per  acre  at  the  end  of  each  three  months  thereafter  or  forfeit 
the  lease,  but  the  completi(m  of  such  well  should  be  a  full  liquidation 
of  all  rentals  during  the  remainder  of  the  term;  and  it  further  pro- 
vided that  the  lessee  should  at  any  time  upon  the  payment  of  SI 
reassign  the  lease  to  the  lessor  and  be  released  from  all  conditions 
imposed,  but  if  any  rentals  were  due  at  the  time  the  same  should  be 
paid  to  the  date  of  reassignment,  and  upon  the  failure  of  the  lessee 
to  commence  a  well  within  the  stated  time,  or  pay  the  specified 
rents  or  reassign  the  lease  according  to  its  terms,  the  lessor  may  at 
his  option  declare  the  lease  forfeited,  or  sue  for  the  rentals  imder  the 
lease. 

Lamar  v.  Farmer  (Indiana  Appeals),  109  Northeastern,  791,  October,  1915. 

FAILURE   TO   DEVELOP — ^RIGHT  OF   LESSOR  TO   CANCEL. 

An  oil  and  gas  lease  covering  a  large  tract  of  land  for  a  nominal 
consideration  and  the  further  agreement  of  the  lessee  to  pay  the 
lessor  one-eighth  of  all  the  net  proceeds  arising  from  the  sale  of  oil 
and  gas  or  other  mineral,  the  lease  further  reciting  that  the  rights 
and  exclusive  privileges  were  granted  in  consideration  that  the  lessee 
should  begin  in  good  faith  to  drill  one  or  more  wells  on  some  part  of 
the  land  within  two  years  from  the  date  of  the  lease,  and  upon  failure 
so  to  do  the  lease  should  be  void,  may  be  forfeited  by  the  lessor  after 
the  expiration  of  the  two  years  where  the  lessee  did  no  more  than 
drill  a  well  upon  the  leased  premises  to  a  depth  of  about  200  feet,  and 
found  a  vein  of  coal,  but  work  in  the  development  of  the  land  ceased 
with  the  discovery  of  the  coal,  though  the  lessor  never  demanded  or 
notified  the  lessee  that  the  lessor  desired  or  required  that  the  coal 
and  minerals  underlying  the  leased  lands  should  be  mined  and 
developed. 

Soaper  . .  King  (Kentucky),  180  Southwestern,  46,  November,  1915. 

EFFECT  OF   SURRENDER   CLAUSE — SPECIFIC   PERFORMANCE. 

A  surrender  clause  in  an  oil  and  gas  lease  which  gives  to  the  lessee 
the  right  at  any  time  to  surrender  and  terminate  the  lease,  after 
which  all  payments  or  Uabilities  should  cease  and  terminate,  deprives 
the  lessee  of  the  right  of  specific  performance,  directly  or  indirectly, 
imtil  he  has  performed  the  contract  or  placed  himself  in  such  a  posi- 
tion that  he  might  be  compelled  to  perform  it  on  his  part^ 

Hill  OU  &  Oas  Ca  V.  'White  (Oklahoma)  151  Pacific  1051  p.  1062  (October,  1915). 
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TAXA.TIOiar. 
CORPORATION  TAX — CORPORATION   IN   HANDS  OP  RECEIYER. 

Section  5506  of  the  General  Code  of  Ohio  refers  to  fees,  taxes,  and 
penalties  required  to  be  paid  only  by  corporations  doing  business,  and 
does  not  intend  that  a  receiver  shall  pay  such  fees,  taxes,  and  penal- 
ties, as  the  penalties  are  required  to  be  paid  only  by  corporations 
doing  business,  and  the  purpose  of  the  statute  is  to  fix  a  lien  for  the 
payment  of  the  tax  by  the  corporation  required  to  pay  it  upon  the 
property  employed  in  the  transaction  of  its  business  or  in  the  hands 
of  a  receiver,  or  if  the  property  has  gone  into  the  custody  of  a  court 
of  equity  through  its  receiver,  and  the  receiver  must  recognize  the 
lien  of  the  statutes  upon  the  assets  in  his  hands  for  the  tax  of  a  pre- 
ceding year  imposed  upon  the  corporation  when  it  was  doing  busi- 
ness; but  this  section  of  the  statute  does  not  impose  a  tax  when  the 
reason  for  the  tax  and  its  only  justification  no  longer  exist.  This 
construction  of  this  section  reconciles  it  with  the  other  se'ctions  of 
the  statute  on  the  same  subject,  which  the  court  is  bound  to  effect  if 
possible,  and  brings  about  a  result  not  only  equitable,  reasonable, 
and  just,  but  also  in  consonance  with  the  clear  intention  of  the  legis- 
lature to  impose  a  tax  upon  the  right  granted  by  the  State  to  be  a 
corporation  and  to  continue  to  do  business  as  such. 

Keeoey  o.  OominiOD  Coal  Co.,  225  Federal,  626,  p.  627. 

METHODS   OF  DETERMINING   VALUE. 

Where  in  the  valuation  of  coal  lands  by  county  commissioners  for 
the  purpose  of  taxation  it  appears  that  the  rules  applying  to  coal 
lands  and  improvements  thereon  were  properly  applied,  the  valua- 
tions as  fixed  by  former  assessors,  comnussioners,  the  coal  tax  com- 
mission, and  the  witnesses,  will  not  be  disturbed  on  appeal  when  con- 
sidered in  connection  with  the  depreciation  from  exhaustion,  as  well 
as  the  enhancement  from  the  advance  in  the  price  of  coal  and  the 
general  increase  in  value  of  coal  lands  as  shown  by  the  evidence. 

Philadelphia  &  Reading  Cool  &  Iron  Co.  v.  Commbaioners  of  Northumberland  County  (Pennsylvania), 
as  Atlantic.  40a  M«y,  19U. 
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METHOD  OF  FIXING   VALUE — ^PRESUMPTION — EYIDENGE. 

In  the  taxation  of  mining  property  the  taxing  authorities  make 
out  a  prima  facie  case  by  the  introduction  in  evidence  of  the  assess- 
ment of  record  in  the  office  of  the  county  commissioners  as  provided 
by  the  board  of  revision,  with  such  other  books  and  data  as  may  bo 
on  file  relating  to  the  valuation  of  the  mining  property  in  question. 
This  method  of  procedure  is  based  upon  the  presmnption  that  public 
officers  do  their  duty  and  have  done  so  in  fixing  the  valuation  of 
mining  property  for  taxation  the  same  as  in  the  performance  of 
other  official  acts.  But  this  presumption  may  be  rebutted  by 
evidence  showing  that  the  official  acts  complained  of  were  not  in 
compliance  with  what  the  law  requires  in  the  performance  of  a 
particular  official  duty;  and  if  the  evidence  shows  that  the  board  of 
revision  acted  arbitrarily,  or  without  sufficient  reliable  information 
and  evidence,  or  without  substantial  bases  to  justify  their  decision, 
a  prima  facie  case  based  upon  such  a  presumption  is  rebutted,  and 
should  be  so  treated  by  the  chancellor,  who  must  determine  questions 
in  controversy  in  the  light  of  the  evidence  offered  and  admitted  at 
the  hearing. 

L«hJgh  Valley  Coal  Ca  t.  Northumberland  County  Commtoioners  (Pennsylvania), 05  Atlantic.  712, 
July,  1015. 

VALUES   DETERMINED   ACCORDING   TO   EVIDENCE. 

Tax  assessment  cases  should  be  heard  and  decided  as  other  cases 
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of  similar  character  brought  before  a  judicial  tribunal,  and  courts  in 
fixing  the  value  of  mining  properties  can  not  ignore  or  disregard  the 
rules  of  procedure  and  fix  the  valuation,  not  upon  the  weight  of  the 
evidence  produced,  but  rather  upon  the  general  information  of  court 
and  counsel.  The  weight  of  the  evidence  as  to  such  values  should 
be  decisive  with  the  court,  and  the  burden  is  always  on  the  litigants 
to  introduce  the  evidence  relied  on  to  support  their  r^pective  conten- 
tions, and  it  is  not  for  the  court  to  fix  the  valuation  of  such  properties 
at  what  he  as  an  individual  might  think  them  worth,  but  his  conclu- 
sions should  be  based  upon  the  evidence  introduced  by  the  parties, 
and  it  is  the  duty  of  a  court  to  consider  conflicting  evidence  and 
decide  the  issue  involved,  having  due  regard  to  the  weight  of  the 
evidence. 

Lehigh  Valley  Coal  Co.  v,  Northumberland  County  Commissioners  ( Pennsylvania).  05  Atlantic.  711^ 
p.  714.  July  1015. 

INDEPENDENT  USE  OF  MINING  CLAIM — SURFACE  AND  MINERALS. 

Under  the  statute  of  Utah  (Laws  of  1907,  section  2504)  mining 
claims  as  such  may  be  assessed  at  the  specific  valuation  affixed 
by  the  statute,  while  the  surface  ground  if  used  for  other  than  mining 
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purposeBy  and  if  it  has  a  value  separate  and  independent  from  mining 
claims  as  such,  may  also  be  assessed  separately  and  distinct  from  the 
mining  claim;  and  if  a  person  is  in  actual  and  adverse  possession 
of  the  surface  ground  of  a  mining  claim,  for  the  period  of  time  required 
by  the  statute  and  has  during  that  time  improved  the  surface  under 
a  claim  of  right,  such  person  may  be  assessed  with  the  surface  area 
and  the  improvements  thereon;  and  the  payment  of  taxes  by  him 
will  be  sufficient  to  entitle  him  to  make  a  claim  of  adverse  possession 
to  the  surface  thereof  together  with  the  improvements  thereon,  as 
against  the  owner  of  the  mining  claim,  though  the  latter  may  have 
paid  the  taxes  on  the  mining  claim  as  such  and  in  accordance  with 
the  fixed  valuation  thereof  and  may  claim  all  the  minerals  beneath 
the  surface. 

Utah  Copp«r  Co.  p.  Eckman  (Utah).  1S2  Pacific,  178.  p.  180,  October,  1915. 
FINDING  AS  TO  PAYMENT  OF  TAXES  BY  SURFACE  AND  MINERAL  OWNER. 

While  under  an  allegation  of  general  ownership  a  party,  either 
plaintiff  or  defendant,  may  prove  the  character  of  such  ownership  by 
proving  adverse  possession  and  payment  of  taxes,  yet  however 
general  the  pleadings  in  that  regard  may  be  in  case  the  surface 
groimd  of  a  mining  claim  is  not  questioned,  the  evidence  and  findmgs 
upon  the  question  of  payment  of  taxes  should  be  direct  and  specific 
and  it  should  be  foxmd  whether  merely  surface  possession  together 
with  improvements  is  claimed,  or  whether  the  title  to  the  whole 
claim  is  asserted;  and  in  either  event  the  assessment  and  payment 
of  taxes  should  be  shown  and  found  so  that  a  court  may  determine 
the  relative  rights  of  the  surface  and  mineral  owners. 

Utah  Copper  Co.  r.  Eckman  (Utah),  152  Pacific.  178,  p.  180,  October,  1915. 

ASSESSMENT  OF  OMITTED  PROPERTY — ^DECISION   OF  JUDGE. 

Proceedings  of  revenue  agents  to  cause  mining  property  in  the 
nature  of  a  mining  lease  to  be  listed  for  taxation,  which  has  been 
omitted  by  the  owners,  the  assessors,  or  the  boards  of  supervisors,  are 
special  proceedings  provided  for  by  the  statute  and  the  judge  of 
the  county  court  acts  in  a  ministerial  capacity  and  as  such  is  the  only 
one  of  the  agencies  provided  by  law  for  assessing  such  property  for 
taxation;  but  his  judgment  is  the  judgment  of  a  court  and  to  the 
extent  of  determining  whether  pro'perty  has  been  assessed  or  omitted 
and  its  value,  he  acts  judicially,  and  the  same  rule  applies  to  the 
circuit  court  upon  an  appeal  from  a  judgment  of  the  county  court. 

Steams  Coal  &  Lumber  Co.  v.  Commonwealth  (Kentucky),  179  Southwestern,  1080,  p.  1062,  Novem- 
ber, lUfi. 
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ASSESSMENT  OF  OMITTED  PBOPEBTT — TRIAL  BY  JUBT. 

In  proceedings  of  revenue  agents  under  the  statute  of  Kentucky 
before  the  county  court  with  the  right  to  appeal  to  the  circuit  court, 
for  the  assessment  and  taxation  of  omitted  mining  property,  a 
trial  by  jury  is  not  contemplated,  and  the  property  owner  is  not 
entitled  to  such  a  trial. 

steams  Coal  A  Lomber  Co.  v.  Conunonwaaltta  (Kantucky).  179  Southwastarn,  1060,  p.  1082,  Novflm- 
b«r.  1915. 

STATUTOKY  LIENS. 

ENFOROINQ   MINER's   LIEN — PLEADING. 

A  complaint  to  foreclose  a  hen  of  a  miner  for  services  performed 
by  him  in  a  mine  is  sufficient  where  it  alleges  that  he  was  employed 
by  the  didy  authorized  agent  of  the  mining  corporation  and  began 
work  upon  the  property  as  an  undergroxmd  miner,  with  pick  and 
shovel  and  other  usual  tools  used  in  such  work,  and  that  he  performed 
a  certain  stated  number  of  days'  labor  at  an  agreed  wage  of  a  certain 
stated  price  per  day,  thereby  earning  a  stated  total  sum  and  of 
which  there  was  due  him  a  certain  stated  amount  from  the  mining 
company;  that  such  labor  and  services  were  done  and  performed  in 
the  working,  development,  and  operation  of  the  mining  property 
described  and  were  for  the  benefit  of  such  property;  and  on  a  certain 
stated  day  he  did,  for  the  purpose  of  securing  and  perfecting  a  hen  for 
the  money  due  him  under  his  contract,  jSle  and  cause  to  be  recorded 
in  the  oj£ce  of  the  county  clerk  his  claim  and  notice  of  lien  duly 
verified  by  him;  that  such  claim  and  notice  contained  the  name  of 
the  hen  claimant,  a  true  statement  of  his  claim  and  demand  after 
deducting  all  just  credits,  the  name  of  the  owner  and  reputed  owner 
of  the  yy'iTiing  property,  and  the  name  of  the  person  by  whom  the 
claimant  was  employed,  a  true  statement  of  the  contract  under 
which  such  services  were  performed,  a  description  of  the  property 
charged  with  the  hen  sufficient  for  identification,  and  which  claim  and 
lien  were  verified  by  the  oath  of  the  claimant;  and  that  said  claim  of 
hen  has  not  in  any  way  been  satisfied  or  discharged,  and  the  same  is 
now  a  vahd  subsisting  hen  upon  such  property. 

Haines  Commercial  Co.  v.  Oraville  (Oregon)  152  Pacific,  877,  p.  878,  November,  1915. 
miner's  lien — SUFFICIENCY  OP  STATEMENT. 

Under  the  statute  of  Oregon  a  miner  in  his  notice  of  hen  is  not 
required  to  segregate  his  demand  for  overtime  work  from  the  amount 
due  under  his  contract  of  employment;  but  he  is  required  only  to 
make  a  true  statement  of  his  demand  after  deducting  all  just  credits 
and  offsets. 

Haines  Commercial  Ca  r.  Graville  (Oregon).  152  Pacific,  h77,  p.  879,  November,  19U. 
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mineb's  lien  prior  to  MORTQAOE. 

The  amendatory  act  of  1907  of  Oregon,  providing  for  liens  in  favor 
of  persons  performing  labor  in  or  upon  any  mine  or  mining  claim, 
gives  such  liens  a  priority  over  all  other  claims  and  liens,  and  is 
superior  to  mortgages;  and  a  mortgagee  accepting  a  mortgage  sub- 
sequent to  such  amendatory  act  is  not  deprived  of  his  property  right 
without  due  process  of  law,  because  his  hen  would  be  postponed  to 
the  Hens  of  such  laborers. 

Haines  Commercial  Co.  f.  QnvUle  (Oregon),  1S2  Padilc,  877,  p.  879,  November  19Ub 


DAMAGES  FOR  INJURIES  TO  MINERS, 

ELEMENTS  OF  DAMAGES. 
FUTURE   SUFFERINGS. 

In  an  action  by  a  miner  for  damages  for  injuries  caused  by  the 
negligence  of  the  mine  operator,  where  it  appears  from  the  evidence 
that  the  miner  will  continue  after  the  trial  to  endure  sufferings  from 
his  injuries,  he  may  recover  therefor,  regardless  of  whether  there  13 
permanent  impairment  of  earning  power  pleaded  or  proved. 

Moses  V.  Proctor  Coal  Co.  (Ksotticky),  179  Southwastora.  1043,  p.  1044.  NoYombw.  191& 

DAMAGES  EXCESSIVE. 

INSTANCE. 

A  verdict  of  $2,000  in  favor  of  a  miner  who  received  a  shock  by 
coming  in  contact  with  an  electric  wire  carrying  250  volts  is  grossly 
excessive  where  the  miner  was  able  to  return  to  his  work  on  the  day 
on  which  he  received  the  injury,  and  after  being  absent  the  next 
day  returned  and  worked  the  two  succeeding  days,  and  was  then 
confined  to  his  bed  about  three  weeks,  but  where  the  evidence 
showed  that  the  injuries  of  which  he  complained  were  not  attributable 
to  the  shock  he  received  but  to  other  causes. 

Impsrlal  Jeilloo  Coal  Co.  v.  Nafl  (Kentucky).  179  SouthwwUni,  839,  p.  830,  Noyambsr.  1915. 
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TRANSPORTATION   OF  COAL — COMPETITION   AND  RATES. 

Competition  for  carriage  of  the  same  anthracite  coal  does  not 
usually  exist,  as  each  carrying  company  has  its  own  tributary  mines, 
and  because  of  topographical  conditions  these  are  not  reached  by  any 
other  carrier.  The  coal  is  mined  and  brought  to  the  surface  and 
prepared  for  market  at  the  mines,  and  is  there  loaded  upon  the  cars  of 
the  carrier  that  serves  the  particular  mine,  and  is  then  sent  forward 
either  to  its  ultimate  destination  or  to  barges  that  complete  the 
carriage  when  water  transportation  is  necessary  or  desirable.  Accord- 
ingly, the  competition  is  in  the  markets,  and  it  would  be  idle  for  one 
carrier  to  attempt  to  interfere  with  the  traffic  of  a  rival.  While 
carriers  might  combine  to  fix  rates  at  an  oppressive  sum,  yet  in  the 
absence  of  such  a  charge  the  question  whether  a  rate  is  exorbitant  is 
to  be  determined  by  the  Interstate  Commerce  Commission  and  not 
by  the  courts. 

United  States  o.  Reading  Co.,  226  Federal,  239,  p.  263. 

■ 

LEASE     AND     LIMITATIONS    ON     SHIPMENT    OF     COAL — UNLAWFUL 

RESTRICTIONS. 

A  lease  provided  that  a  certain  railroad  should  pay  as  rental  one- 
third  of  the  gross  receipts  of  another  railroad  company  and  provided 
that  all  the  coal  mined  by  a  certain-named  mining  company  on  its 
own  lands  should  be  sent  to  market  over  the  roads  of  the  two  railroad 
companies  named,  "when  destined  to  points  or  markets  reached  by 
said  roads;  and,  when  destined  for  markets  not  so  reached,  it  shall 
be  sent  as  far  as  practicable  over  the  said  road."  But  this  covenant 
in  the  lease  did  not  apply  to  one-fourth  of  the  coal  mined  by  the 
mining  company  in  a  particular-named  region  and  this  might  be 
sent  to  any  market  not  reached  by  railroad  lines  running  in  a  certain 
direction  and  to  certain  markets.  The  provisions  of  the  lease  were 
subsequently  modified  to  the  effect  that  when  one-third  of  the  gross 
receipts  should  fall  short  of  a  certain  stipulated  amount,  the  lessee 
should  make  up  the  deficiency;  but  when  one-third  of  such  gross 
receipts  should  exceed  another  and  a  larger  stated  sum,  then  the 
coal  company  should  relinquish  any  claim  to  the  excess.     Still  later 
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another  change  was  made  pennitting  the  one-fourth  referred  to  m 
the  lease  to  be  sent  to  market  over  lines  other  than  that  of  the  rail- 
road company  mentioned  and  its  branches,  if  by  so  doing  the  mining 
company  could  realize  a  larger  profit  than  could  be  realized  if  coal 
were  shipped  over  the  railroad  named.  These  provisions  and  cov- 
enants do  not  impose  unlawfid  restrictions  on  the  coal  company's 
shipments  as  the  covenants  relate  to  the  shipment  of  coal  in  the 
direction  of  the  best  markets  for  the  particular  coal  named  and  the 
company  has  plenty  of  coal  available  for  the  market  in  other  direc- 
tions, but  for  reasons  of  economy  it  prefers  to  restrict  its  shipments 
in  the  one  particidar  direction,  and  this  restriction  is  volimtary,  and  is 
due  to  the  fact  that  its  coal  can  be  sold  elsewhere  to  better  advantage. 
While  the  interests  of  the  coal  company  are  best  advanced  by  shij>- 
ping  a  large  proportion  of  its  coal  to  markets  reached  by  the  railroad 
named,  the  coal  company  does  not  regard  itself  as  absolutely  bound 
to  ship  three-fourths  of  its  output  over  such  road,  and  the  coal 
company's  production  has  not  been  diminished  by  reason  of  such 
restrictions,  but  has  largely  increased. 

United  SUt«8  r.  Raadlng  Co.  2»  Federal,  228,  p.  204. 
COMBINATION  OF  COAL  COMPANY  AND  RAILROAD  COMPANY  NOT  ILLEOAL* 

The  ownership  of  coal  lands  and  the  business  of  coal  mining,  and 
the  use  of  a  railroad  to  get  coal  to  market,  are  all  lawful.  Under 
such  circumstances  the  railroad  company  and  the  coal  company  are 
not  competitors  but  each  performs  its  own  function  in  putting  a 
useful  article  in  the  hands  of  consumers.  The  fact  that  a  coal  com- 
pany is  a  large  producer  of  coal,  and  therefore  a  large  seller  and 
shipper,  is  not  in  itself  an  offense  against  the  Sherman  antitrust 
statute;  but  in  some  aspects  it  may  be  regarded  as  a  merit,  for  the 
more  coal  the  company  produces  the  more  extensive  would  be  its 
operation,  thus  benefiting  labor  and  the  merchants  that  furnish  sup- 
plies to  the  mines,  and  the  larger  would  be  the  quantity  at  the 
consumers'  command ;  and  imder  such  circumstances  a  combination 
of  the  coal  company  and  the  railroad  company,  through  the  medium 
of  a  holding  company  owning  the  stock  of  both,  is  not  necessarily  a 
violation  of  the  antitrust  act,  imless  imlawful  methods  or  practices 
are  resorted  to,  which  tend  to  restrain  competition  and  create  a 
monopoly. 

United  States  v.  Reading  Co.,  226  Federal,  229,  p.  266. 
MINING  AND  SELLING  LARGE  QUANTITIES  OF  COAL  NOT  AN  OFFENSE, 

The  fact  that  the  coal-land  holdings  of  a  coal  company  are  large 
and  that  the  coal  company  ships  and  sells  the  largest  percentage  of 
all  the  anthracite  coal  that  reaches  the  market,  is  not  alone  sufiicient 
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to  constitute  an  offense  against  the  Sherman  antitrust  act,  in  the 
absence  of  any  showing  of  harm  or  injury.  Under  such  circum- 
stances but  three  classes  of  persons  could  be  injured:  (1)  Rival 
producers  on  a  large  scale,  who  might  be  injured  by  unfair  methods 
of  competition;  (2)  smaller  producers,  who  might  suffer  by  similar 
methods;  and  (3)  the  consmner,  who  might  suffer  by  extortionate 
prices.  But  in  the  absence  of  proof  that  either  of  these  classes  of 
persons  has  sustained  injuries,  the  charge  of  unlawful  competition 
or  restraint  necessarily  fails.  ' 

United  States  v,  Reading  Co.  226  Federal,  229,  p.  288. 
COMBINATION  OF  COAL  COMPANIES  BY  HOLDING  COMPANY  UNLAWFUL. 

A  combination  by  which  a  holding  company,  already  the  owner  of 
the  capital  stock  of  a  railroad  company  and  of  a  coal  company,  pur- 
chased the  majority  stock  in  another  railroad  company  which  owned 
practically  all  the  stock  of  another  coal  company,  where  it  appears 
that  the  two  railroads  have  been  carrying  anthracite  coal  of  these 
two  large  producers  to  the  same  markets  where  the  coal  has  been 
sold  in  competition  and  where  it  appears  that  these  two  carriers 
transport  practically  one-third  of  the  total  tonnage  of  anthracite 
coal  carried  by  the  railroads  that  reach  the  anthracite  field,  and  the 
two  coal  companies  dispose  of  more  than  20  per  cent  of  all  the  anthra- 
cite coal  sold  on  the  market,  is  a  union  of  the  two  companies  in  the 
same  ownership  that  creates  a  combination  in  restraint  of  inter- 
state trade  in  violation  of  the  Sherman  Antitrust  Act. 

United  States  v.  Reading  Co.,  226  Federal.  229.  p.  271. 

INTERSTATE    CARRIAGE    OP    COAL — SINGLE    OWNERSHIP    OP    RAILROAD 

AND   COAL   COMPANY. 

The  act  of  1906  (34  Stat.  585)  does  not  forbid  a  raUroad  company 
holding  stock  in  a  coal-mining  corporation,  if  such  corporation  be  a 
bona  fide  organization;  and  coal  mined  and  produced  by  such  a 
corporation  may  be  lawfully  carried  by  a  railroad  company  although 
such  railroad  company  is  a  stockholder  in  the  mining  corporation; 
and  this  is  true  without  regard  to  the  extent  of  the  railroad's  stock 
ownership,  whether  a  part  or  the  whole;  but  under  such  circimi- 
stances  the  railroad  company  must  not  use  the  power  given  by  such 
ownership  to  obliterate  the  distinction  between  the  two  organizations 
and  must  not  exert  its  power  so  as  to  commingle  indistinguishably 
the  affairs  of  both  and  thus  cause  the  two  corporations  to  be  one  for 
all  purposes  and  it  must  not  destroy  the  entity  of  the  producing  or 
mining  corporation  and  thus  make  the  two  virtually  one;  and  if  it 
actually  do  these  forbidden   things,  then   the  commodities  clause 

31011^— Bull.  118--16 6 
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applies  and  condemns  as  unlawful  such  abuse  of  a  lawful  right. 
The  fact  that  the  capital  stock  of  a  railroad  company  and  of  a  coal 
company  was  owned  by  a  holding  company  and  the  coal  mined  by 
the  mining  company  was  carried  by  the  railroad  company  is  not  an 
offense  against  the  commodity  clause  of  the  statute  where  it  is  made 
to  appear  that  the  railroad  company  did  not  mine  or  produce  the 
coal  transported  for  the  coal  company,  and  where  the  railroad  com- 
pany did  not  own  or  have  any  interest;  direct  or  indirect,  in  the 
coal  transported. 

United  States  v.  Reading  Ca,  226  Federal,  229,  p.  273. 
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ANALYSES   OF  COALS    PURCHASED  BY  THE  GOVERNMENT 

DURING  THE  FISCAL  YEARS  I908-I9I5. 


By  George  S.  Pope. 


IHTBODTTCTION. 

The  Government  of  the  United  States  annually  expends  approxi- 
mately $8,000,000  for  coal.  Prior  to  1906,  this  coal  was  purchased 
mainly  on  its  reputation,  or  trade  name,  rather  than  tmder  con- 
tracts specifying  the  heating  value  of  the  coal,  its  contents  of  ash 
and  moisture,  and  other  characteristics.  In  recent  years  the  Gov- 
ernment and  other  large  consumers  have  appreciated  more  and  more 
the  desirability  of  definitely  determining  by  chemical  analyses  and 
tests  the  character  and  quality  of  coal  deliveries.  Studies  of  engine- 
room  and  boiler-room  efficiencies  and  economies  point  forcibly  to 
the  necessity  of  devoting  more  thought  to  the  improvement  of  the 
boiler-room  end.  This  calls  for  an  intimate  knowledge  of  the  char- 
acter and  quality  of  the  fuel  used.  The  analyses  and  tests  of  de- 
livered coal  furnish  such  data,  whereby  the  power-plant  results  can 
be  comprehensively  studied  and  a  continuous  check  maintained  on 
the  coal  and  on  the  conditions  of  plant  operation. 

Under  authority  of  acts  of  Congress  making  appropriations  for 
analyzing  and  testing  fuels  belonging  to  or  for  the  use  of  the  United 
States  Government,  a  laboratory  is  maintained  at  the  headquarters 
of  the  Bureau  of  Mines,  Washington,  D.  C,  where  samples  repre- 
senting deliveries  of  coal  purchased  for  Government  use  are  an- 
alyzed and  tested. 

The  Bureau  of  Mines  has  been  active  in  promoting  the  purchase 
of  coal  by  the  Government  under  specifications,*  that  is,  by  con- 
tracts that  make  definite  requirements  regarding  the  heating  value 
of  the  coal  expressed  in  British  thermal  units,  and  the  composition 
as  shown  by  proximate  analysis.  Under  many  of  these  specification 
contracts  the  bidders  guarantee  the  quality  of  the  coal  offered,  and 
that  guaranteed  by  the  successful  bidder  becomes  the  standard  of 
his  contract.  The  deliveries  are  sampled  and  analyzed  to  determine 
whether  the  coal  is  of  the  quality  guaranteed  by  the  contractor,  and 
if  it  is  not,  the  price  to  be  paid  is  decreased  in  proportion;  but  if 
the  coal  is  of  higher  quality,  the  price  is  proportionately  increased. 

The  analyses  of  coals  or  the  guaranties  offered  by  the  bidders  may 
in  some  cases  be  used  for  determining  the  award  of  a  contract,  but 
if  the  coals  offered  are  of  widely  different  characteristics,  it  may  be 
difficult  to  determine  which  would  prove  the  cheapest  fuel,  without 

•For  types  of  specifications  and  methods  of  sampling,  see  Pope,  G.  S.,  Methods  of 
sampling  delivered  coal  and  speclflcatlons  for  the  purchase  of  coal  for  the  Government : 
Bull.  116,  Bureau  of  Mines,  191(*,  64  pp. 
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having  their  relative  evaporative  efficiencies.  Henoe,  it  may  be  nec- 
essary to  conduct  evaporative  tests  under  service  conditions  in  order 
to  determine  which  coal  is  particularly  adapted  for  successful  and 
economical  use  in  the  plant.  But  once  a  particular  coal  is  selected, 
regardless  of  the  procedure  of  determining  the  award  of  a  contract, 
then  the  greatest  advantage  of  the  specification  method  is  realized, 
in  that  it  guarantees  to  the  purchaser  coal  of  uniform  character  and 
quality,  thereby  insuring  the  best  results  in  the  plant. 

The  cost  of  purchases,  under  such  specifications,  of  fuel  for  tlie 
use  of  the  Government  now  aggregates  approximately  $14^9^^  P^^ 
annum,  and  the  cost  of  additional  fuel  for  which  samples  are  taken 
and  submitted  to  the  Bureau  of  Mines  for  analysis  in  order  to  deter- 
mine the  character  and  quality  of  the  coal  furnished  aggregates 
some  $3,000,000  per  annum  more.  In  fact,  information  is  now  ob- 
tained regarding  the  quality  of  fuel  purchased  on  almost  all  con- 
tracts large  enough  to  warrant  sampling  and  analysis  and  heating- 
value  tests. 

It  may  be  said  that  the  purchase  of  coal  under  specification  is 
still  in  tile  stage  of  evolution  and  development,  and  that  experience 
and  time  will  be  required  to  develop  fully  standard  specifications 
and  methods  of  sampling  and  analysis  that  may  be  used  universally. 
The  success  of  the  specification  method  for  the  purchase  of  coal  and 
the  reliability  of  analysis  now  rests  almost  entirely  on  sampling.^ 
Improper  sampling  leads  to  controversies,  with  resulting  c(Hidemna- 
tion  of  the  specification  method  in  general  and  the  value  of  labora- 
tory analyses  and  tests  in  particular. 

A  nimiber  of  bulletins  ^  have  been  published  showing  the  results 
of  the  purchase  of  coal  by  the  Government  under  specifications.  This 
bulletin  is  a  compilation  of  the  results  of  coal  analyses  by  the  Gov- 
ernment, including  those  made  in  the  fiscal  years  1908-1910,  which 
have  been  previously  published,  and  later  analyses  representing  coals 
•  analyzed  during  the  fiscal  years  1911-1915.  The  preceding  bulletins 
gave  individual  analyses  or  average  monthly  analyses,  whereas  this 
bulletin  gives  the  average  analyses  only  for  the  entire  contract.  It 
is  hoped  that  this  compilation  of  a  series  of  comparable  analyses  of 
the  coals  purchased  by  the  Government  will  be  of  value  alike  to  coal 
dealers,  to  Government  engineers,  to  purchasing  agents,  and  to  all 
users  of  coal. 

•  See  Pope,  G.  S^  Loc.  clt. 

*  Randall,  D.  T^  The  purchase  of  coal  under  Government  and  commercial  specifications 
on  the  basis  of  its  heating  value,  with  analyses  of  coal  delivered  under  Government  con- 
tracts :  U.  S.  Geol.  Survey  Bull.  889,  1908,  27  pp. ;  Burrows,  J.  a.  Results  of  purchaslns 
coal  under  Government  specifications :  U.  S.  Geol.  Survey  Bull.  878,  1909,  44  pp. ;  Pope. 
G.  S.,  The  purchase  Of  coal  by  the  Government  under  specifications,  with  analyses  of  coal 
delivered  for  the  fiscal  year  1908-9,  Bull.  11,  Bureau  of  Mines  (reprint  of  U.  S.  Geol. 
Survey  Bull.  428),  80  pp.;  Pope,  G.  8..  Government  coal  purchases  under  specifications, 
with  analyses  for  the  fiscal  year  1909-10,  with  a  chapter  on  the  fuel-Inspection  laboratory 
of  the  Bureau  of  Mines,  by  J.  D.  Davis :  Bull.  41,  Bureau  of  Mines,  1912,  97  pp. 
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The  analyses  given  herein  are  of  samples  taken  from  conmiercial 
deliveries.  In  making  a  comparison  of  analyses  of  commercial  ship- 
ments with  analyses  of  samples  collected  from  the  face  of  the  bed 
in  the  mine,  due  allowance  must  be  made  for  the  larger  proportion 
of  impurities  that  may  be  included  in  the  commercial  operation  of 
the  mine.  It  is  difficult  to  take  a  mine  sample  in  which  the  impurities 
are  rejected  in  exactly  the  same  manner  as  is  done  by  the  miner.* 
The  practice  of  different  miners  will  vary,  especially  if  rigid  inspec- 
tion at  the  tipple  is  not  enforced.  In  some  mines,  for  instance,  where 
the  coal  bed  has  friable  partings  or  has  a  soft,  flaky  roof  or  floor, 
the  inclusion  of  some  foreign  matter  is  unavoidable.  Hence,  the* 
analysis  of  the  mine  sample  usually  indicates  a  better  grade  of  coal, 
as  regards  ash  content  and  heating  value,  than  the  actual  commercial 
shipments,  and  for  this  reason  the  mine  sample  should  be  considered 
as  representing  the  coal  that  can  be  produced  under  only  the  most 
favorable  conditions  of  mining  and  preparation. 

In  commercial  shipments  that  are  sampled  at  their  destination  the 
moisture  content  may  be  either  more  or  less  than  that  in  the  mine 
samples,  the  relative  proportions  depending  on  the  amount  of  bed 
moisture,  the  size  of  the  coal,  and  the  weather  conditions  during 
transit. 

Analyses  representing  many  shipments  and  a  large  tonnage  more 
truly  indicate  the  general  quality  of  a  particular  coal  than  does  a 
single  analysis  from  a  specially  prepared  shipment,  or  analyses  of 
carefully  selected  mine  samples. 
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TABULATED  AHALTS3B. 

Table  1  fibows  the  general  averages  by  years  of  the  several  siases 
of  anthracite  coal  delivered  to  the  Government. 

Anthracite  coal  is  graded  into  sizes  before  shipment,  and  each  size 
commands  a  certain  price.  The  size  of  the  openings  in  screens  and 
the  types  of  screens  used  in  preparing  the  sizes  may  vary  sli^tly. 
However,  the  following  table  indicates  the  commercial  sizes  of  an- 
thracite. 

Sizes  of  anthracite. 


BlMi. 


Broken  (funiaoe) 

Egg 

Stove 

Nut  (chestnut) 

Pea 

Buckwheat  No.  1 

Buckwheat  No.  2,  or  rioe. . . . 
Buckwheat  No.  3,  or  harley. 


Square  mesh,  inches.    I   Round  mesh,  indies. 


Through.         Over. 


4 

21 
2 

1| 
f 

h 
i 


Table  2  gives  the  results  of  yearly  average  analyses  of  coal,  except 
the  Pennsylvania  anthracite,  delivered  for  Government  use  during 
the  fiscal  years  1908-1916.  The  details  regarding  place  of  delivery, 
contract  guarantees,  and  price  per  ton  are  given  on  pages  52  to  101. 
The  number  of  pounds  per  ton  is  2,240  unless  otherwise  stated. 

It  was  not  always  possible  to  obtain  complete  information  on  the 
coals;  hence  in  some  cases  columns  1,  2,  3,  4,  and  5  of  the  table  are 
not  filled  in  completely.  For  some  contracts  the  information  fur- 
nished regarding  the  origin  of  the  coals  was  very  meager,  and  in 
such  cases  State  mine  inspectors'  reports,  commercial  coal-mine  direc- 
tories, etc.,  were  freely  referred  to  and  additional  information 
obtained  in  order  that  the  coals  could  be  more  -fully  described  and 
their  origin  more  definitely  determined. 

Table  1. — Oeneral  average  quality  of  anthracite  coal  delirered'  to  the  Govern- 
ment ^  fiscal  years  1907-1015. 

BROKEN  (FURNACE). 


Mois- 
ture, 
as  re- 
ceived. 

Ash, 
dry 
coal. 

Heating  value  per  pound. 

Num- 

Fiscal  year. 

As  received. 

Dry  coal. 

Moisture  free  and 
ash  free. 

ber  of 
analy- 
ses 
aver- 
aged. 

B.t.  u. 

Calories. 

B.  t.  u. 

Calories. 

B.  t.  u. 

Calories. 

190^7 

4.08 

10.44 
10.00 
10.73 
10.14 
10.83 
ia55 

12,861 

7,14« 

13,408 

7,449 

14,971 

8,318 

14 
270 
276 
302 
107 
163 

13 

1907-8 

1908-9 

190»-10 

1910-11 

8.88 

12,777 

7,099 

13,293 

7,386 

14,907 

8,282 

1911-12 

1914-15 

3.87 

11. 11 

12  7R9  1          7  in9 

13, 297' 

7,388 

14,959 

8,311 
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Table  1. — (General  average  quality  of  anthracite  coal  delivered  to  the  Oovem. 

ment,  fiscal  years  1907-1915 — Ck>Dtinued. 

EOG. 


• 

lCoi». 
ture, 
as  re- 
ceived. 

Ash, 
dry 
coed. 

Heating  value  per  pound. 

Num- 

Fbcalyear. 

Asreoefved. 

Dry  coal. 

Moisture  free  and 
ash  free. 

ber  of 

analy- 

see 

aver- 

B.  t.  u. 

Calories. 

B.  t.  u. 

Calories. 

B.  t.  u. 
15,121 

Calories. 

aged. 

1905-7 

4.10 

ia57 

10.83 
11.56 
11.37 
11.08 

laso 

11.30 

12,960 

7,201 

13,523 

7,513 

8,401 

17 

1907-^ 

187 

1906-9 

801 

1909-10 ' 

378 

1910-11 

8.93 

12,824 

7,125 

13,349 

7,417 

15,012 

8,341 

118 

1911-12 

263 

1914-15 

4.60 

12,658 

7,083 

13,268 

7,372 

14,958 

8.311 

1 

STOVE. 


1907-8 

12.06 
13.20 
12.91 
1Z78 
11.78 
12.05 

82 

1908-9 

51 

1909-10 

50 

1910-11 

3.66 

12,596 

6,996 

13,073 

.    7,263 

14,989 

8,328 

62 

1911-12 

226 

1911-15 

3.81 

12,586 

6,992 

13,084 

7,200 

14,877 

8,266 

10 

CHESTNUT. 

1910-11 

3.62 

13.48 
12.66 
12.48 

12,390 

6,884 

12,855 

7,142 

14,858 

8^265 

5 

1911-12 

220 

1914-15 

4.80 

12,3«5 

6,870 

12,988 

7,216 

14,810 

8^246 

6 

PEA. 


1906-7 

4.81 

16.04 
16.23 
15.62 
15.45 
17.42 
15.72 
15.91 
15.58 
15.26 

11,886 

6,604 

12,487 

6,938 

14,873 

8^268 

19 

1907-8 

84 

1908-9 

136 

1909-10 

87 

1910-11 

4.20 
4.66 

11,720 
12,020 

6,512 
6,678 

12,234 
12,606 

6,797 
7,004 

14, 815 
14,957 

8,231 
8,310 

89 

1911-12 

114 

1912-13 

17 

1913-14 ' 

20 

1914-15 

3.85 

12,150 

6,751 

12,637 

7,021 

14,911 

8,286 

119 

BUCKWHEAT  NO.  1. 


SCREENINGS. 


1906-7 

5.09 

18.05 
15.93 
17.81 
18.60 
18.80 
18.63 
20.40 
18.84 
18.54 

11,491 

6,384 

12,107 

6,727 

14,774 

8,206 

15 

1907-8 

138 

1908-9 

118 

1909-10 

682 

1910-11 

4.60 
5.14 
5.06 
6.21 
4.66 

11,415 
11,318 
11,038 
11,239 
11,449 

6,342 
6,288 
6,133 
6.244 
6,361 

11,965 
11,931 
11,626 
11.983 
12,009 

6,048 
6.629 
6,450 
6.058 
6,672 

14,735 
14,645 
14,606 
14.765 
14,742 

8,187 
8,137 
8,115 
8.203 
8^191 

53 

1911-12 

62 

1912-13 

13 

1913-14 

8 

1914-15 

49 

BUCKWHEAT  NO.  2. 

1907-8 

17.13 
19.30 
18.60 
20.55 
18.20 
17.61 
19.31 
16.77 

6 

1908-9 

55 

1909-10 

61 

1910-11 

6.10 
7.56 
7.37 
7.58 
7.56 

10,842 
10,063 
11,260 
10,962 
11,306 

6,024 
6,086 
6,251 
6,090 
6,314 

11,546 
11,847 
12,145 
11,861 
12,295 

6,415 
6,582 
6,748 
6,590 
6,831 

14,532 
14,483 
14,741 
14,609 
14,772 

8,074 
8^047 
8,190 
8,167 
8,207 

28 

1911-12 

13 

191^13 

18 

1913-14 

17 

1914-15 

18 

1910-11. 
1911-12. 
1912-13. 
1913-14. 
1914-15. 


6.07 

12.62 

7.32 

12.75 

6.42 

13.84 

7.76 

13.48 

6.98 

13.61 

12,244 
12,006 
11,997 
11,806 
11,923 


6,803 
6,671 
6, 666 
6,5.59 
6,624 


13,035 
12,954 
12,820 
12,709 
12,818 


7,242 
7.197 
7,123 
7.111 
7,122 


14,918 
14,847 
14,879 
14,793 
14,837 


8.288 
8,249 
8,267 
8,219 
8,243 


31 
33 
19 
24 
24 
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Tablk  Z,—OoaU  analyaed  for  the  VfUted  State* 

FOREIGN  COALS. 


Where  mined. 


State,  comity,  and 
town. 


AlTSTKALLL 


mew  BOmH  WALBS. 


Newcastle.. 
Do 


Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 


Canada. 

BBmSB  OOLUHBIA. 

Michel  and  Fernie. 
Do 


Ifiw. 


TANOOnVXR  IS- 
LAND, BRITISH 
OOLUXBU. 


Comberland. 
Do 


Ladysmith. 


Do. 
Do. 
Do. 

Do. 


Nanaimo. 
Do... 


Do. 
Do- 
Do. 

Do. 


Bed. 


Aberdare. 
Hebbum. 


PelawMain. 


Middle. 


...  do ^ 

....do 

....do 

....do 

....do 

Pelaw  Main  and 
AlberMain. 

....do 

....do 

....do ' 

....do 

Stanford-Rich- 
mond. 

....do 

....do 

....do 

....do 

....do 


.do. 


Michel  and  Coal 

Creek. 
....do , 


Comox. 
do. 


Dunsmuir-Wel- 
>n. 

10. 

do 

Extension. 


Dunsmolr-Wel- 
lington  and  Ex- 
tension. 

Nanaimo 

do 


New  Wellington. 
....do...Tr7..... 
....do 


Welllnston. 


ofcoaL 


Aberdare. 
Hebbum. 


j  Crows  Nest  Pass. 
I do , 


Comox. 
do. 


Dunsmair>Wel- 
lixurton. 

-...do 


.do. 


SlieoCooaL 


Ron  of  mine 

Lump,    over    li- 

inch  bar  screen. 
Lump,  over  |-lnch 

bar  screen. 

....do 

do 

do 

....  do 

Lump 

Lump,  over  j^lnoh 

bar  screen. 

do 

-...do 

....do 

do 

Lump,  over  finch 


Tons 
deliv.  i 


....do 

do 

....do 
....do- 
Lump,    over    \\- 

inch' 
do 


Lump,  ovar  2-Indi 

screen. 
Lamp 


Run  of  mine 

Pea,  through 

f-lnch      screen 

(washed). 
Lum  p ,  over  }-lnch 


do 

do 

Ltunp,   over    l|- 
inch  bar  screen. 
do 


. 


WeUington. 


Lump :.. 

Lump,  over  3-fnch 

bar  screen. 
Lump 

Lump,  over  j^lnch 


LumpyOverSHndi 


191 
819 

7fi5 

1,084 

1,896 

621 

500 

115 
619 

2,901 
304 
294 

1,799 

4,a06 

238 

200 
19H 

4on 

1,989 
135 


2,210 

707 


3,113 
3,252 


200 

000 

2.3G9  I 

9U 

1.294  I 


431 

2,157 

S50 

235 

1,100 

2.100 
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Government  during  the  fiscal  years  190^1915, 

FOREIGN  COALS. 


Proximate  analysis. 


As  re- 
ceived. 


Mois- 
ture, 
per 
cent. 


Volatile 

matter, 

per 

ceDt« 


2.05 
3.51 

2.ao 

2.58 
2.09 
2.62 
2.70 
2.72 
2.83 

2.74 
2.00 
2.73 
2.79 
2.90 

2.57 
2.83 
2.80 
2.50 
2.30 

2.00 


L73 
1.53 


2.91 
7.23 


2.92 

2.63 
2L92 
2.10 

1.78 


2.13 
3.09 

2L06 
3.26 
3.72 

2L70 


Dry  coal. 


43.48 
42.68 

41.65 

42.09 
42.54 
40.81 
44.36 
43.64 
43.22 

44.30 
43.83 
43.61 
43.80 
42.22 

41.73 
42.74 
42.30 
39.62 
41.44 

42.45 


24.88 
23.80 


32:91 
34.53 


4L13 

4a  01 
39.55 
39.56 

38.53 


4a  52 
4a  45 

4a  76 
4a  79 
41.22 

30.87 


Fixed 

carbon, 

per 

cent. 


52.14 
52.02 

52.90 

52.64 
52.30 
53.07 
51.40 
52.28 
50.70 

50.63 
52.04 
50.60 
50.81 
51.90 

51.98 
52.06 
52.48 
53.91 
51.52 

53.55 


6L10 
64.09 


5t27 
47.71 


44.58 

4&87 
46^67 
51.16 

40.49 


46.28 
47.30 

45.10 
48.00 
47.45 

47.53 


Ash, 

per 

cent. 


It 


4.38 
5.86 

5.36 

5.27 
5.16 
6.12 
4.24 
4.06 
6.06 

5.07 
4.13 
5.70 
5.30 

5.88 

6.29 
5.18 
5.22 
6.47 
7.04 

5.00 


14.53 
12.11 


15.82 
17.76 


14.29 

1L12 

13.78 

9.28 

1L98 


13.20 
12.25 

14.14 
11.21 
1L33 

13L60 


Sol. 

phur, 

per 

cent. 
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Oftloriflo  Taloa,  per  poond. 


As  received. 


B.t.a. 


0.75 
.70 

.90 

.87 
.84 
.88 

.77 
.88 
.83 

.74 
.73 
.70 
.77 
.84 

.83 
.84 
.96 
.88 
.90 

.75 


.47 
.48 


1.43 
.93 


1.23 

.90 
L12 

.47 

.45 


L58 
LOO 

.98 
L08 
L18 

L13 


IS 


13,850 
13,630 

13,830 

13,937 
13,863 
13,706 
13,056 
13,968 
13,660 

13,873 
14,052 
13,687 
13,813 
13,704 

13,704 
13,835 
13,844 
13,833 
13,685 

14,149 


12,808 
13,331 


12,208 
11,097 


11,991 

12,633 
13,175 
13,107 

12,788 


12,386 
12,388 

12,107 
12,415 
12,410 

12,365 


Calo- 
ries. 
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BrycoaL 


7,099 
7,572 

7,683 

7,748 
7,702 
7,616 
7,753 
7,754 
7,589 

7,707 
7,807 
7,604 
7,674 
7,613 

7,613 
7,681 
7,601 
7,685 
7,603 

7,861 


7,166 
7,406 


6,782 
6,165 


6,662 

7,013 
6,764 
7,282 

7,104 


6,881 
6,882 

6,726 
6,897 
6,804 

6,809 


B.t.u. 


14 


14,280 
14,136 

14,338 

14,306 
14,346 
14,077 
14,353 
14,348 
14,068 

14,363 
14,437 
14,071 
14,300 
14,113 

14,065 
14,338 
14,343 
14,188 
14,016 

14,438 


13,135 
13,538 


12,574 
11,962 


12,353 

13,964 
12,541 
13,388 

13,030 


12,666 
12,783 

12,476 
12,833 
12,890 

12,706 


Calo- 
ries. 


U 


7,033 
7,848 

7,904 

7,948 
7,014 
7,821 
7,973 
7,971 
7,810 

7,934 
8,015 
7,817 
7,894 
7,841 

7,814 
7,904 
7,913 
7,883 
7,787 

8,021 


7,393 
7,531 


6,986 
6,646 


6,863 

7,303 
6,967 
7,438 

7,333 


7,031 
7,101 

6,931 
7,129 
7,161 

7,060 


ICoistnre  free 
and  ash  free. 


B.t.u. 


If 


14,934 
14,936 

15,034 

15,103 
15,081 
14,095 
14,967 
14,958 
14,968 

15,035 
15,049 
14,936 
15,004 
14,995 

15,009 
15,005 
15,037 
15,160 
15,077 

15,196 


15,354 
15,403 


14,937 
14,545 


14,411 

14,586 
14,645 
14,757 

14,793 


14,581 
14,568 

14,631 
14,453 
14,537 

14,540 


Calo- 
ries. 


17 


8,397 
8,393 

%353 

8,390 
8,345 
8,331 
8,336 
8,310 
8,^16 

8,847 
8,361 
8,396 
8,336 
8,331 

8,838 
8,336 
8,348 
8,427 
8,376 

8,443 


8,530 

8,557 


8,298 
8,081 


8,006 

8,103 
8,081 
8,198 

8,218 


8,101 
8,093 

8,073 
8,029 
8,076 


Nam- 
berof 
analy' 


aver- 
aged. 


U 


4 

18 

8 

13 
96 
11 
5 
5 
11 

23 

3 

5 

39 

33 

6 
4 
4 
4 

39 

8 


Index 
num. 
ber.o 


19 
6 


4ft 
23 


8 

5 

15 

5 

6 


7 
21 

6 

9 

11 


8,078  ;        21 


19 


1 

3 

8 

4 

5 
6 
7 
8 
9 

10 
11 
13 
13 
14 

15 
10 
17 
18 
19 

30 


21 


36 

36 
27 
28 


30 
31 

33 
33 
34 


o  See  p.  52  to  101  of  this  bulletin  for  kind  of  coal,  point  of  delivery,  contnct  guaranties,  and  price. 
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ANALYSES   OF   COALS. 


Table  2. — CoaU  analyzed  for  the  United  State* 

FOREIGN  COAL8--Oiiitiiii]ed. 


State,  county,  and 
towi). 


Canada— Contd. 

▼ANCOUYKK        IS- 
LAND,     BRITISH 

COLUMBIA— con. 
Nanaimo 


Do. 
Do. 
Do. 


South  Wellington, 

Do 

Do 


Do. 


Commercial  name 
of  coal. 


Wellington 


.do. 
.do. 
.do. 


Booth  Wellington 

do 

do 


.do. 


Wellington 


do. 
-do. 
.do. 


Slaeofcoal. 


Lump,  overSHDch 
screen. 

do 

do 

Lamp,  over  f-ineh 


Lamp 

Lamp,  over  I4ncfa 
round^K^  shak- 
ing screen. 

Lump,  over  1-inch 
bar  screen. 


Tons 

daliv- 
end. 


1,»9 

600 

310 
1,562 

665 

1,007 

838 


i.fiao 


UNITED  STATES  COALS. 


Alabama, 
bibb  countt. 


Blookton. 
Do... 
Do... 


Do. 
Do. 


Gamsey. 
Marvel.. 


Do. 


JEFTEBSON 
COUNTY. 


Blossburg. 
Dooena... 


Edgewater. 


Do. 

Bnsley. 


Mineral  Sprinj9B... 
Do 


Bloctoo, 

do.. 

do.. 


Blocton  Nos*.  2, 3, 

and  7. 
....do 


Qamsey 

Marvel  Nos.  land 

2. 
do 


E 

Dooena. 


Edgewater. 


do 

Pratt  No.  4. 

Pratt 


Do.... 
Falos 

Do.... 

Do.... 

Pinson 

Pratt  aty. 


Do. 
Do. 
Do. 


Do. 
Do. 


Palos  Nos.  I  and  2. 

do 

do 

Dixiana 

Pratt 


.do. 
.do. 
.do. 


.do. 
.do. 


Thompson. 

....do 

....do 


.do. 
.do. 


..:.do 

Clark  and 

Qholson. 
do 


Pratt.. 
do. 


.do. 

.do. 
.do. 

.do. 


Mary  Lee... 

do 

do 

Black  Creek. 
Pratt 


.do. 
.do. 
.do. 


Bloctcn  Cshafaa. 

do 

....do 


.do. 


Old  Tennessee 
Blocton  Cahafaa. 

Qamsey 

Marvel  Washed... 

Marvel 


Blossburg  Pratt. 
Old  Pratt 


.do. 

.do. 
.do. 


Pntt(  Palos  grade) 

do 

do 

Imperial 

Old  Tennessee 

Pratt. 
do 


.do. 
.do. 


....do. 
Pratt.. 


.do. 
.do. 


Lamp 

do 

Lump,  over  6-incb 

shaking  screen. 
Lump,  over  3-lBidi 

screen. 
do. 

Washed  steam.... 
Steam,  over  2-in<^ 

screen. 
Mixed  sixes  and 

washed. 


Run  of  mine 

Lump,  over  2-inch 

shaldng  screen. 
Lump,  over  2f-inicfa 

shaidng  screen. 
Screened  steam.. 
Lump ,  over  2f>inch 

screen. 

Lump 

Lump,  over  2-incfa 

bar  screen. 

do 

Run  of  mine 

do 

....do 

Pea  (washed) 

Run  of  mine 


Lump ,  over  -i-indi 

shfljdng  screen. 
Lump,  over  2-inch 

shanng  screen. 
Lump,  over  U  to 

2Hnoh  roimd 

hole 

do 

Lump. 


3Si 

81 
384 

S0O 

483 

1,666 
2,067 

1,586 


1,242  i 
261 

3,011  I 

3,161 
401 

1,505 
1,337 

808| 
3,675 

51h! 
5.27>': 
1,616 

1,306 

841 

1.280 


148 
981 


TABULATED   ANALYSES,   ALABAMA. 
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Government  durina  the  fUcal  years  1908-191S — (Continued. 

FORBION  COALS--C<iitiniifid. 


Proziiiiato  analysis. 

Oaloriilc  value,  per  pound. 

Num- 
ber of 
analy- 
ses 
aver- 
aged. 

Asn- 
cel-ved. 

Dry  coal. 

Asrecelyed. 

Dry  coal. 

Moisture  free 
and  ash  free. 

Index 

Mois- 
ture, 

cent. 

Volatile 

matter, 

per 

cent. 

Fixed 
carbon, 

cent. 

Ash, 
cent. 

Sul- 
phur, 

cent. 

B.t.u. 

CUo- 
rles. 

B.t.u. 

Calo- 
ries. 

B.t.u. 

GUo- 
lies. 

ber. 

7 

8 

9 

10 

11 

IS 

13 

14 

U 

If 

17 

U 

19 

2:80 

4.22 
2.60 
3.53 

2:83 
2.64 
2:40 

2.46 

4a  17 

30.06 
39.57 
38.76 

30.14 
40.14 
30.06 

40.44 

48.22 

48.52 
40.30 
48.68 

5a  28 
45.70 
47.34 

40.75 

1L61 

11.52 
1L13 
12:56 

ia58 
14.16 
12.70 

9.81 

LOO 

L20 
1.00 
LOO 

.60 
L72 
L70 

.55 

12,500 

12,336 
12,542 
12,284 

12,754 
12,225 
12,557 

12,084 

6,044 

6,853 
6,068 
6,824 

7,066 
6,702 
6,076 

7,186 

12,872 

12,880 
12,877 
12,733 

13,125 
12,566 
12,866 

13,280 

7,161 

/,166 
7,154 
7,073 

7,202 
6,076 
7,148 

7,367 

14,563 

14,557 
14,490 
14,562 

14,678 
14,627 
14,738 

14,702 

8,001 

8,087 
8,060 
8,090 

8,154 
8,126 
8,188 

8,168 

0 

5 

3 

14 

8 

12 

5 

7 

36 

37 
38 
30 

40 
41 
42 

43 

UNITED  STATES  COALS. 


2.20 
2.18 
2.24 

86.52 
37.13 
37.03 

57.66 
5a  44 

5a  20 

5.82 
a43 

5.78 

a73 

.70 
.62 

13,852 
13,722 
13,803 

7,606 
7,623 

7,668 

14,177 
14,028 
14,110 

7,876 
7,703 
7,844 

15,a'i3 
14,002 
14,085 

8,363 
8,820 
8,325 

11 
3 

7 

44 

45 
46 

2:37 

36.70 

68.13 

&17 

.63 

13,025 

7,736 

14,263 

7,024 

16,041 

8,366 

3 

47 

2.18 

37.56 

6a  58 

5.87 

.60 

13,711 

7,617 

14,017 

7,787 

14,801 

8,273 

6 

48 

3.83 
4.50 

32.58 

3420 

A5.46 
65.06 

12:01 
ia75 

L62 
LIO 

12,842 
12,019 

7,134 
7,177 

13,353 
13,541 

7,418 
7,523 

15,176 
15,172 

8,431 
8,420 

54 

83 

'40 
60 

3.76 

33.08 

5M8 

ia84 

L17 

13,014 

7,230 

13,521 

7,612 

15,165 

8,425 

36 

61 

L42 
LOO 

29.67 

saoo 

62:15 

63.16 

8.18 
a85 

L54 
L50 

13,076 
14,320 

7,764 
7,056 

14,177 
14,466 

7,876 
8,036 

15,440 
15,520 

8,678 
8,627 

18 
2 

62 
63 

.f»' 

MM 

64.12 

ao6 

L68 

14,481 

8,046 

14,626 

8,126 

15,570 

8,660 

16 

54 

L50 
L05 

29LSO 
3L70 

63.21 

62:15 

7.29 

a  16 

L50 
L8B 

14,160 

u,sn 

7,867 
7,087 

14,376 
14,590 

7,087 
8,072 

15,606 
15,482 

8,614 
8,601 

28 
2 

55 
56 

L45 
L33 

28.81 
3a  06 

6a  80 
6a  68 

1L20 

a36 

L65 
2.13 

13,410 
13,843 

7,455 
7,601 

14,030 

7,flM 
7,704 

1M<0 

15,470 

M37 
8,590 

22 
25 

57 
68 

L55 
3.44 
2:04 
L53 
2:83 
LOO 

3L30 
28.05 
28.06 
28.87 
3L90 
3a  24 

6a  04 
6L80 
6a  06 
6L70 
6L39 
62.26 

8.67 
a  66 

iao8 
a  43 
a  71 

7.60 

LOS 
.06 

.78 
LOS 

.62 
L26 

13,886 
13,382 
13,375 
13,666 
13,011 
14,063 

7,714 
7,434 
7,431 
7,502 
7,728 
7,807 

14,105 
13,860 
13,654 
13,877 
14,316 
14,338 

7,836 
7,600 
7,586 
7,700 
7,953 
7,066 

15,444 
15,841 
15,338 
15,322 
16,346 
16,601 

8,580 
8,523 
8,521 
8,512 
8,626 
8,612 

14 
25 
5 
3 
32 
43 

50 
60 
61 
62 
63 
64 

L35 

3a  00 

62:80 

a30 

L40 

14,330 

7,066 

14,535 

8,075 

16,512 

8,618 

30 

65 

L51 

20.60 

63.63 

a  78 

L75 

14,243 

7,013 

14,461 

8,034 

15,613 

8,618 

21 

60 

L07 

2a  37 

62.88 

7.75 

L52 

14,136 

7,853 

14,280 

7,038 

15,480 

8,605 

24 

67 

L26 
L34 

20.42 

64.03 

a.>d 
a  36 

1.  ru 

14,899 
la,  016 

7,990 
7,7:il 

14,583 
14,  la'i 

8,102 

7,836 

15,6a5 
ir.,.'i62 

8,660 
8,64fi 

6 
14 

68 
60 
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ANALYSES  OF   COALS. 


Tabus  2. — CoaU  analyzed  for  the  T-nited  State* 
UNITEID  8TATB8  COALS— Contiziiied. 


WiMmniiMd. 


State,  ooanty,  and 
town. 


Alabama— Con. 


COUNTT— 4X>n. 

I^ratt    City    and 

Edgewater. 
Pratt    City    and 

Ensley. 
Warrkr 


Warrior  and   El 
Vista. 

Watson 

Do 

Wylam 


00. 

Do. 

Do. 
Do. 


AHELBY  COX7NTT. 
Acton 


MiDe. 


Pratt  and  Edgs- 

water. 
Various 


Bod. 


Pratt. 


Eldorado... 

.....do 

Pratt  No.  5. 


.do. 


.do. 


Pratt  No.  8. 


Eldorado,  Arcadia, 
Bloasburg,  and 
Banner. 


TUaCALOCWA 
OOUMTT'. 


Ck>ttondale.. 
Rock  Castle. 


WALKER  OOUNTT. 

Corona 

Sipsey 

Townky 

Arkansas, 
franklin  county 
Denning 


SEBASTIAN 
COUNTY. 

Hoffman    and 
Huntington. 


Midland. 
Do.. 
Do.. 
Do.. 
Do.. 


Actoo-. 


Oflmore 

Roclc  Castle. 


Corona... 
Sipsey... 
Townley. 


.do. 


Black  Creek. 


.do. 


Pratt.. 
....do. 
....do. 


.do. 


.do. 


.do. 


Pratt  and 
Mary  Lee. 


Helena. 


Brookwood. 


ComnMrdal  name 
of  coal. 


Denning. 


Corona 

Black  Creek... 
Jagger 


Denning. 


Hoibnan,  No.  7, 
and  Huntington, 
No.3.  I 

Midland  Valley.. 

do 

do 

do 

do 


Hart. 


Pratt.. 
do. 


Slbleys  Black 

Cnek. 
Warrior  Black 

Cnek. 

Pratt 

do 

Old  Pratt 


Pratt  steam  lump. 


.do. 


Old  Pratt. 
Pntt 


Aoton. 


SixeoCcoaL 


Corona 

Slpscv 

Carbon  Hill 


DcDninc 


Hache-Denman. 

do 

do 

do 

do 


Lump,  over  S-lnch 

scieen. 
Run  of  mine 

....do 

....do 


do 

....do 

Lump,  over  2-inch 

shaking  screen. 
Lump,  over  1|  to 

2i^ch  shaking 


Lamp,  over  Si-inch 
round-hole 


Lamp,  over  3>inoh 

snanngsoresn. 

Run  of  mine 


Through  8-ineh 
screen  (washed). 


Rim  of 
...do. 


Lump,  over  a-inch 
slianng  screen. 

Lump.  S-mch  and 
5-ineii  (washed). 

Lump 


deliv- 
ered. 


Lump,  ovw  3-inch 
r  ound-hole 
screen. 


Lamp,  over  a-inch 
ronnd-hole 
serene. 

do 

do 

Run  of  mine 

....  do 

do 


2,074 

as 


1,»6 
786 
556 

1,450 

165 
1,316 


3,271 
1,243 


300 

18,374 

373 


2.711 


2.877 


818 


74 
317 
568 


TABULATED  ANALYSES,  ABKAN8AS. 
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Otwemment  during  the  fiscal  year%  1908-1915 — Continued. 

UNITHQD  STATBS  COALS — ContlnQed. 


Proxftmate  analyBiB. 

Galoilflc  viaue,  per  pomid. 

Num- 
ber Of 
analy- 
ses 
aver- 
aged. 

1 

Asre- 
oetved. 

DrycoaL 

As  leoelTed. 

BryeoaL 

Moisture  free 
and  ash  free. 

Index 
num- 

Mols- 
toie, 

cent. 

Volatile 
matter, 

oent. 

Fixed 
carbon, 

oent. 

Aah, 
oent. 

Sul- 
phur, 

oent. 

B.t.u. 

Calo- 
ries. 

B.t.u. 

(Uo- 
ries. 

B.t.u. 

Oalo- 
rles. 

ber. 

7 

• 

8 

18 

11 

18 

13 

14 

15 

16 

17 

18 

18 

2.18 

28.78 

64.31 

5.91 

1.41 

14,290 

7,944 

14,618 

8,121 

15,536 

8,631 

14 

70 

#  L30 

3a  73 

63.45 

5.82 

L19 

14,366 

7,981 

14,569 

8,004 

15,469 

8,584 

9 

71 

3.03 

30.73 

63.15 

ai2 

.77 

14,076 

7,820 

14,516 

8,064 

15,462 

8,590 

12 

72 

2.60 

3a  51 

58.99 

law 

L76 

13,333 

7,407 

13,689 

7,605 

15,296 

8,497 

6 

73 

2L75 
3.36 
L16 

3a84 
30L37 
30.40 

56.89 
6a  74 
63.77 

12.27 
8.99 
5.83 

1.33 
L24 
L66 

13,025 
13,478 
14,430 

7,236 
7;  488 
8,017 

13,393 
13,947 
14,598 

7,441 

7,748 
8,110 

15,266 
15,326 
15,502 

8,481 
8,514 
8,612 

26 

10 

4 

74 
75 
76 

1.12 

28.20 

64. 07 

7.67 

L49 

14,197 

7,887 

14,358 

7,977 

15,561 

8,630 

33 

77 

1.42 

30L41 

6167 

6.02 

L36 

14,285 

7,906 

14,440 

8,032 

15,513 

8,618 

18 

78 

L30 

33.40 

6a  00 

a60 

L78 

14,203 

7,891 

14,390 

7,094 

15,407 

8,559 

2 

79 

2L04 

aoiio 

58.60 

1L30 

L31 

13,222 

7,346 

13,(122 

7,568 

15,857 

8,532 

30 

80 

4.40 

3&53 

66.87 

7.60 

.47 

13,288 

7,382 

13,900 

7,722 

15,043 

8,357 

3 

81 

6.M 
1.81 

8&04 
28.24 

52.72 
6L86 

12L24 

a90 

LOl 
.89 

12,161 
13,660 

6,756 
7,589 

13,071 
13,912 

7,262 
7;  729 

14,894 
15,441 

8,274 
8,578 

11 
16 

82 
83 

2L73 

38L37 

52:23 

8.60 

L43 

13,197 

7,332 

13,567 

7,687 

14,827 

8,237 

3 

84 

3.16 

36.87 

5&68 

&45 

L07 

13,723 

7,624 

14,171 

7,873 

14,968 

8,327 

19 

85 

4.50 

83.78 

53.55 

12.67 

.96 

12,146 

6,748 

12,718 

7,066 

14,563 

8,091 

8 

86 

L54 

14.74 

75.00 

ia26 

2L55 

13,644 

7,680 

• 

13,857 

7,606 

15,441 

8,578 

23 

87 

1.58 

19l87 

7t08 

a55 

LOO 

13,702 

7,612 

13,915 

7,731 

15,384 

8,547 

23 

88 

3.40 
2LQ0 
3.30 
2L33 
2.15 

17.80 
1&32 
16.64 
17.25 
15.05 

72.37 
7a  62 
68.21 
60.45 
6&90 

a83 
1L16 
15.15 
13.30 

iao6 

L38 
L85 
.81 
L86 
2.88 

13,487 
13,406 
12,639 
13,039 
12,557 

7,483 
7,448 
7,022 
7,244 
6,976 

13,962 
13,694 
13,070 
13,350 
12,833 

7,757 
7,608 
7,261 
7,417 
7,129 

15,484 
15,414 
15,404 
15,388 
l.%286 

8,602 
8,563 
8,.>58 
8,  .5.54 
8.402 

20 

11 

2 

5 

6 

89 
90 
91 
92 
93 
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Table  2. — Coals  analyzed  for  the  United  States 
UNITBD  STATES  COAL&— ContUmed. 


WlMramlMd. 


State,  county,  and 
town. 


AXKJlXOAB  AMD 

Oklahoma. 

SBBASnANAKDLB 

ruoRS  oouama. 

Hao1c0tt,HiiiitiDg- 
ton,  and  Wltta- 
ylUe. 

Colorado. 

ouvnisom  coumtt. 

CMtedBntte 


Do. 
Do. 
Do. 
Do. 


LA8  AWMAS 
COUMTT. 


Agnilar. 

Do. 

Beaoon. 


Do.. 
Do.. 
Do.. 
Do.. 
Primcro. 


Do. 
Do. 


Do. 
Rugby. 


Do. 
Do. 


COUMTY. 


Grand  Jtmotign. 


SOim  COUMTT. 


Oak  Creek. 
Do.... 
Do.... 
Do.... 
Do.... 


¥rELD  COUMTT. 

Firestone 


Mine. 


Bed. 


Commercial 
ofooaL 


Hackott^HtmtlnK- 
toD,  and  Witte- 
TiUe. 


Floreeta.. 


.do. 
.do. 
.do. 


RoyaL. 
-...do. 


Beaoon.. 


....do 

....do 

....do 

OreenCuMm 

North  and  East 

Primero. 
First  West   Prl- 

tnerOa 
First   West  and 

North  and  East 

Primero. 

do 

Primrose. 


Baby. 


Hackett-Huntfng- 
ton. 


Baby. 


Royal. 


.do. 


Qreen  Canon. 


Primero. 


.do. 
.do. 


....do.. 
....do.. 

do.. 

do.. 

Primero. 


.do. 
.do. 


.do. 
.do. 


Book  CUiT. 


Pinnacle 

do 

Yampa  Valley. 


r 

.do. 


Russell. 


.do. 


....do... 
Primrose. 


.do. 
.do. 


Cameo Book  Cliff. 


Mammoth '  Ptmade 

do do 

McKinley Yamoa  Valley . 

do do 

do ' do 


Siaeofooal. 


Lump,  over  3>inch 
sbsiking  screen. 


Anthrafldtetthrao^ 

tindi,  over  {- 
ichscrsen. 
Ant]Iraoite,No.6.. 

do 

.....do 

do 


Emerson '  RosseU. 


Lump,  over  IJ- 
Inofi  screen. 

Lamp,  over  lf> 
Incn  bar  screen. 

Lamp,  over  11- 
UtOk  roond-hole 
shaking  screen. 

do 

....do 

do 

Run  of  mine 

Lomp,  over  li- 
Inch  bar  screen. 

Lamp,  over  2}- 
incn  bar  screen. 

Mixture  of  lump 
over  il-inch  and 
2i-inch  screens. 

....'do 

Lump,  over  li- 
incn  round-hole 
shaking  screen. 

do 

do 


Tods 
delrv- 


Run  of  mine. 


2.283 


298 


380 
350 
448 
325 


761 

3,336 

16,929 

2,491 
2,000 
3,460 
1,280 
740 

259 

1,008 

900 
0,304  . 

4.324 
2,787 

319 


Ronofmine •    1.441 

do I        799 

do 700 


.do, 
.do. 


Run  of  mine. 


1,212 
326 


129 
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Government  durmg  the  fiscal  years  1908-1915 — Continued. 

UNITED  STATES  COALS— Continaed. 


Proximate  analysis. 

Galoriflc  value,  per  pound. 

Num- 
ber of 
analy- 
ses 
aver- 
aged. 

As  re- 
ceived. 

Dry  coal. 

As  received. 

Dry  coal. 

Moisture  free 
andashfrea 

Index 
niun- 

Mois- 
ture, 
per 
cent. 

Volatile 

matter, 

per 

cent. 

FUed 
carbon, 

cent. 

Ash, 

per 

cent. 

Sul- 

phur, 

per 

cent. 

B.t.u. 

Calo- 
ries.. 

B.t.u. 

Calo- 
ries. 

B.t.u. 

Calo- 
ries. 

ber. 

7 

8 

9 

10 

11 

U 

13 

14 

15 

16 

17 

It 

19 

1.52 

24.62 

60.30 

15.08 

3.65 

12,863 

7,146 

13,062 

7,257 

15,382 

8,646 

15 

04 

3.62 

4.85 

78.67 

16.68 

.81 

11,826 

6,670 

12,270 

6,817 

14,700 

8,172 

16 

05 

1.76 
2.26 
2.57 
2.37 

7.42 
7.72 
8.93 
8.63 

82.33 
82.24 
79.44 
81.20 

10.25 
10.04 
11.63 
10.17 

1.06 
.93 

1.16 
.93 

13,608 
13,470 
13,189 
13,408 

7,604 
7,483 
7,327 
7,449 

13,760 
13,781 
13,637 
13,733 

7,639 
7,656 
7,621 
7,689 

15,320 
16,319 
16,319 
15,288 

8,611 
8,611 
8,611 
8,493 

12 
7 

10 
3 

96 
97 
08 
99 

2.07 

36.02 

50.24 

13.74 

.60 

12,672 

7,040 

12.940 

7,189 

15,001 

8,334 

10 

100 

1.78 

33.21 

50.28 

16.51 

.69 

12,298 

6,832 

12,621 

6,966 

14,997 

8,332 

17 

101 

2.53 

36.90 

52.00 

11.10 

.74 

12,856 

7,142 

13,190 

7,328 

14,837 

8,243 

76 

102 

2.37 
2.50 
2.66 
3.87 
1.47 

37.60 
37.74 
37.65 
36.91 
30.91 

55.55 
52.99 
60.77 
49.91 
56.03 

6.85 

9.27 

11.58 

13. 18 

13.06 

.65 
.63 
.68 
.75 
.53 

13,572 
13, 148 
12,770 
12,320 
13,081 

7,540 
7,304 
7,094 
6,844 
7,267 

13,901 
13,485 
13,119 
12,816 
13,276 

7,723 
7,492 
7,288 
7,120 
7,376 

14,923 
14,863 
14,837 
14, 762 
15,270 

8,201 
8,257 
8,243 
8,201 
8,483 

46 
22 
26 
11 
12 

108 
104 
105 
106 
107 

1.27 

29.80 

53.08 

17.17 

.59 

12,462 

6,923 

12,622 

7,012 

15,238 

8,466 

6 

108 

1.40 

30.54 

55.03 

14.43 

.55 

12,876 

7,163 

13,058 

7,264 

15,260 

8,478 

18 

100 

1.60 
2.91 

29.72 
36.65 

65.37 
63.48 

14.91 
9.87 

.61 

.48 

12,738 
12,868 

7,077 
7,143 

12,046 
13,243 

7,192 
7,357 

15,213 
14,603 

8,462 
8,163 

6 
62 

110 
111 

2.90 
3.22 

37.06 
38.51 

52.42 
61.72 

10.52 
9.77 

.48 
.46 

12,713 
12,730 

7,063 
7,072 

13,093 
13,154 

7,274 
7,308 

14,632 
14,578 

8,129 
8,099 

88 
16 

112 
113 

7.50 

36.38 

63.42 

10.20 

.57 

11,786 

6,647 

12,741 

7,078 

14,188 

7,882 

2 

114 

8.12 
8.07 
8.45 
8.15 
7.96 

40.07 
41.31 
41.08 
41.95 
40.83 

64.39 
62.16 
62.84 
'  62.14 
52.01 

5.54 
6.54 
6.08 
6.91 
7.16 

.71 
.73 
.68 
.73 
.80 

12,195 
12,061 
12, 125 
12,128 
12,030 

6,775 
6,701 
0,736 
6,738 
6,683 

13,273 
13,120 
13,244 
13,204 
13,070 

7,374 
7,289 
7,3o8 
7,336 
7,261 

14,061 
14,a$8 
14,101 
14,033 
14,078 

7,806 
7,799 
7,834 
7,796 
7,821 

41 

19 

9 

10 

7 

115 
116 
117 
118 
110 

23.55 

1 

40.45 

53.30 

6.25 

.55 

9,446 

5,247 

12,355 

6,864 

13,179 

7,322 

2 

120 

52773° 
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Table  2. — CoaU  analyzed  far  the  United  States 

UNITED  STATES  COALS— Contiiified. 


Where  mined. 


State,  county,  and 
town. 


Oboboia. 

walker  county. 


Pittsburg. 
Do.... 


ILUNOIS. 
BOND  COUNTY. 

Pocahontas 

CHRISTIAN  COUNTY. 

Pana 

Do 

CUNTON  COUNTY. 

Breeze 

Do 

FRANEUN  COUNTY. 

Christopher 


Do. 
Do. 
Do. 
Do. 
Do. 


Mine. 


Durham. 
do... 


No.  1. 


Bed. 


a 


Durham. 
....do.. 


Na6. 


Pana.. 
do. 


No.  6.. 
do. 


Breese No.  6.. 

do do. 


No.1 No.  6. 


MACOUPIN  COUNTY. 

Mount  Olive 


North ' do. 

do ! do. 

...do. 

...do. 

...do. 


Commercial  name  ' 
of  coal.  I 


Siieofooal. 


Durham. 
do.. 


Breeie. 
do. 


Purity. 


Brighton. 

do... 

do... 

do... 


do 

do 

North  and  Chris- 
topher, No.  1. 


Mount  Olive,  No.  S  I  No.  6 '  Mount  Olive. 


Staunton '  Staunton,  No.  2. . .' do Staunton. 


Do. 
Do. 
Do. 
Do. 

Do. 


do do. 

t do do. 

Staunton,  No.  7 do. 

Staunton,  No.  14 do. 

Staunton do. 


.do. 
.do. 
.do. 
.do. 

.do. 


MADISON  COUNTY 

Colllnsville 

Do 

Do 

PEOUA  COUNTY. 


Bartlett l  Empire,  No.  2 , 

Do I do 


Cantlne ,  No.  r> |  Cantine . 

do do , do.. 

do I do , do. . 


No.  5.... 
do.. 


Empire. 
do.. 


Ron  of  mine. 
....do 


Lamp. 


Nos.  Iaiul2washed 

nut. 
....do 


Tons 
deUv. 


Lump,  over  2-inch 

screen. 
....do 


Lump,  over  3-incfa 
screen. 

do 

....do 

Run  of  mine 

.....do 

Lump,  over  S-lneh 


Lump,  over  S-fnch 

screen. 
Through  2-inoh 

screen,  over  1^ 

Inchsereeo. 

do 

Luinp 

I^iimp,  over  a^indh 

screen. 
Lump,  over  S-tnch 


Lump,   over   l}- 

incn  screen. 
Lump,  over  6-incii 


Lump. 


Lump 

Rim  of  mine, 


2,335 
2,086 


1,028 

6,065 

2,94 
1,263 

240 

171 

68 

120 

1,144 

184 


7,703 


3,205 
3,984 
8,408 
7,338 

6,351 


2,666 
72 

sno 


641 
4,11ft 
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Government  diirinff  the  fiscal  years  190S-1915 — Continued. 

UNITBD  STATES  COALS — ContlDUed. 


Proximate  analysis. 

Galorlflc  vahie,  per  pound. 

Num- 
ber of 
analy- 
ses 
aver- 
aged. 

As  re- 
ceived. 

Dry  coal. 

As  received. 

Dry  coal. 

Moisture  free 
and  ash  free. 

Tndex 
num- 

Hois- 

ture, 

per 

cent. 

Volatile 

matter, 

per 

cent. 

Fixed 

carbon, 

per 

cent. 

Ash, 

per 

cent. 

Sul- 
phur, 

per 
cent. 

B.t.u. 

Calo- 
ries. 

B.t.u. 

Galo- 
ries. 

B.t.u. 

Calo- 
ries. 

ber. 

7 

8 

9 

10 

U 

IS 

13 

14 

U 

1« 

17 

18 

19 

2.76 
1.21 

20.38 
21.50 

73.80 
71.73 

5.78 
6.77 

1.06 
.83 

14,364 
14,393 

7,080 
7,996 

14,772 
14,569 

8,207 
8,094 

15,678 
15.627 

8,710 
8.682 

35 
9 

121 
122 

1 

ia60 

30.16 

47.65 

13.19 

4.24 

10,951 

6,084 

1^262 

6,812 

14,125 

7,847 

17 

123 

6.76 

36.82 

51.33 

11.85 

2.54 

11,907 

6,615 

12,770 

7.094 

14,487 

8,048 

20 

124 

7.08 

37.60 

52L30 

10.10 

2.36 

12,150 

6,750 

13,076 

7,264 

14,545 

8,081 

114 

12$ 

10.90 

41.14 

45.50 

13.36 

4.22     10,016 

6,064 

12,251 

6,806 

14,140 

7,856 

25 

126 

9.66 

4a  40 

44.67 

14.84 

4.57  '  10,867 

1 

6,037 

12,029 

6,683 

14.125 

7,847 

15 

127 

7.83 

1 

36.29 

53.58 

10.13 

1.12!  12,049 

6,604 

13,073 

7,263 

14,547 

8,082 

10 

128 

1        7.73 
8..'i8 
7.90 

,        8.50 
8.72 

35.75 
35.54 
36.08 
37.29 
30.28 

55.05 
54.53 
53.45 
52.27 
51.66 

9.20 

0.03 

10.47 

10.44 

9.06 

.82  !  12,081 
.57     11,903 
.80     11,879 
.84     11,811 
.67     11,965 
1 

6,712 
6,613 
6,509 
6,562 
6,647 

13,093 
13,020 
12,898 
12.921 
13,108 

7,274 
7,233 
7,166 
7,178 
7,282 

14,420 
14,455 
14,406 
14;  427 
14,414 

8,011 
8^031 
8,003 
8,015 
8,008 

10 
4 
4 

14 
5 

129 
130 
131 
132 
133 

11.97 

43.23 

44.03 

11.84 

i 
4.64     10,925 

6,060 

12, 410 

6,804 

14,077 

7,821 

52 

134 

10.80 

40.80 

46.05 

12.75 

3.82     10,880 

6,049 

12,207 

6,782 

13,991 

7,773 

22 

135 

1 

10.60 
10.89 
11.29 
11.87 

40.22 
41.44 
40.53 
40.93 

45.03 
44.67 
46.68 
46.42 

13.85 
13.80 
12.79 
12.65 

4.48 
4.38 
4.28 
4.55 

10,842 
10,828 
10,003 
10,872 

6,023 
6,016 
6,057 
6,040 

12.127 
12;  151 
12,291 
12.336 

6.737 
6.751 
6,828 
6,853 

14,077 
14, 111 
14,004 
14,122 

7,821 

7.839 
7,830 

7,846 

64 
2S 
23 
55 

136 
137 
138 
139 

11.80 

43.84 

44.78 

11.38 

4.54 

10,071 

6,095 

12,452 

6,918 

14,051 

7,806 

20 

HO 

10.90 

42.56 

43.50 

13.85 

4.56 

10,890 

6,050 

12,222 

6,790 

14,187 

7,882 

31 

141 

8.90 

41.82 

44.29 

13.89 

4.31 

11,082 

6,157 

12,165 

6,758 

14,127 

7,848 

( 

142 

10.54 

1 

43.47 

45.44 

11.09 

4.59 

11,265 

6,258 

12,592 

6,996 

14,163 

7,868 

•> 

143 

12.41 
13.70 

37.70 
30.64 

45.16 
44.80 

17.14 
15.56 

3.08 
3.09 

10,426 
10,517 

6,792 
5,843 

11,903 
12,187 

6,613 
6,771 

14,365 
14  433 

7,981 
8.018 

lU 

1       :w 

141 
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Table  2. — ConU  analyzed  for  the  United  8ta4e9 
UNITBD  STATES  COALS— Continued. 


Wbere  mined. 


State,  county,  and 
town. 


Mine. 


Ilunois— Contd. 

EBEY  COUNTY. 

Uuquoin 


Do. 

Do. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 


ST.  CLAIB 
COUNTY. 

BeUevllle 

Do 

Do 

Do... 

East  St.  Louis. 

Do 


8ALINK  COUNTY. 

Eldorado 

Do 


Do 

Harrisburg. 


Do 

Do 

Do 

Do 

Harrisburg    and 

Eldorado. 
Near  Harrisburg.. 


Ledford. 
Do.. 


SANOAMON 
COUNTY. 


Springfield. 


VXEMILUON 
COUNTY. 


Danville. 


Do. 
Do. 
Do. 
Do. 
Do. 


Mi^estic. 


.do. 

.do. 

.do. 
.do. 


Paradise. 

do... 

Queen.. 
Security. 


Prairie... 
....do... 
....do... 
....do... 
O'Fallon. 
do... 


Eldofado. 
do... 


do 

Big  Creek,  No.  2. 


do.... 

Big  Creek. 


O'Oara,  No.  1  to 

No.  16. 
No.2 


Peerless. 


Electric. 


do 

do 

do 

do 

Mission   Field, 
Nos.  1,  2,  and  .1. 


Bed. 


No.  6. 


.do. 

.do. 

.do. 
.do. 

.do. 
.do. 
.do. 
.do. 


No.  6.. 

do. 

.....do. 
....do. 

do. 

do. 


No.  5.. 
do. 


.do. 
.do. 


.do. 
.do. 
.do. 
.do. 
.do. 

.do. 

.do. 

.do. 


No.  5. 


No.  7. 


...do 

....do 

...do 

....do 

..-do. — 


Commercial  name 
of  coal. 


Majestic. 


.do. 

.do. 

.do. 
.do. 


Paradise. 

do... 

Queen... 
Security. 


Prairie... 

do... 

....do... 

....do... 

O'FaUQQ. 

do... 


Eldorado. 
....do... 


.do. 


Prembun, 


Harrisburg. 


Premium     white 

ash. 
do 


Electric, 


.do. 
.do- 
.do. 
.do. 


Siieofooal. 


Tods 
deUF. 


Throu^  3-inch 

screen,  over  IJ- 

inch  screen. 
Lump,   over    1^ 

inch  screen. 
Lump,  over  2-iBSib. 

screen. 

Screened  lump 

Through  3-inch 

screen. 

Ron  of  mine 

Screenings 

Run  of  mine 

do 


Lump. 

.'.'.'.Ao. 
.....do. 

do. 

.....do. 


Lump,  over  6-lnGii 

screen. 
Lump,   over    Ih 

iai»  round-hole 

soeen. 

do 

Through  3-inoh 

screen;  over  1^ 

inch  screen. 

,.-..do 

.....do 

Nos.  1  and  2  nut. . 

do 

do 


Run  of  mine. 


Lump,  over  S-incih 

screen. 
Lump 


Run  of  mine. 


Throu^    3i-inch 
screen. 

do 

do 

do 

No.  1  lump 

Lump  and  slack.. 


2,335 

5,357 
9.6S0 

5,123 

11,739 

1,36S 

2,026 

36,684 

7.r 


^3 
3,676 
1,2&5 
2,908 
2. 844 
1,087 


528 
675 


3M 
5,622 


390 
2,303 
6.504 

505 
4,689 

2,719 

5CS 
3K7 


5,733 


14,422 

18,958 
18,060 
15,838 
140 
16,845 
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Goverfiment  during  the  ftacal  years  190&~1916 — Continued. 

UNITED  STATES  COALS— Continued. 


Prozlniate  analysis. 


Asre- 

OfliTOd. 


Mai». 

ture, 

per 

cent. 


8.40 


9.15 

9.16 

9.18 
9.28 

10.63 

10.39 

9.11 

10.24 


9.22 
9.34 
9.46 
9.46 
9.34 
8.14 


7.12 
6.72 


6.68 
6.71 


5.86 
5.38 
5.59 
5.18 
6.74 

6.83 

6.46 

5.57 


13.86 


12.47 

12.17 
12.63 
12.56 
11.65 
11.61 


Dry  coal. 


VolatUe 

matter, 

per 

oent. 


36.37 


38.42 

38.03 

38.38 
37.39 

35.48 
36.83 
37.92 
37.87 


40.91 
40.70 
42.64 
43.68 
43.30 
42.53 


36.50 
36.96 


38.04 
37.11 


35.75 
37.91 
36.16 
36.81 
39.29 

37.20 

37.84 

38.60 


Fixed 

carbon, 

per 

cent. 


39.14 

39.61 
40.63 
41.77 
40.20 
41.62 


50.57 


53.50 

50.11 

52.31 
61.67 

49.82 
48.29 
50.99 
51.04 


44.81 
43.88 
42.03 
42.40 
43.15 
42.50 


53.83 
53.84 


63.92 
64.36 


52.86 
50.39 
54.08 
52.04 
49.60 

63.49 

53.12 

53.37 


44.67 

42.53 
43.93 
43.60 

44.41 


Ash, 

per 

cent. 


10 


13.06 

8.06 

11.86 

9.31 
11.04 

14.70 
14.88 
11.09 
11.09 


14.28 
15.42 
16.33 
13.86 
13.55 
14.97 


9.67 
9.20 


8.04 
8.53 


11.40 
11.70 
9.77 
12.15 
11.11 

0.31 

9.04 

8.03 


13.79 


10.19 

17.86 
15.54 
14.63 
10.35 
13.97 


Sul- 
phur, 

per 
cent. 


11 


0.86 

.92 

1.14 

1.31 
1.09 

1.05 

1.15 

.98 

1.67 


4.12 
4.64 
4.99 
4.48 
4.41 
5.18 


2.31 
2.21 


1.96 
2.32 


2.75 
3.82 
2.51 
3.16 
2.90 

2.26 

2.59 

2.01 


3.33 

3.77 
2.96 
3.00 
2.58 
2.94 


Calorific  value,  per  pound. 


I 


As  received. 


B.t.u. 


18 


11,387 

12,006 

11,463 

11,806 
11,532 

10,903 
10,828 
11,546 
11,400 


11,034 
10,921 
10,890 
11,077 
11,138 
11,074 


12,257 
12,382 


12,584 
12,514 


12,212 
12,148 
12,467 
12,144 
12,056 

12,380 

12,454 

12,811 


10,517 


10,535 

10,374 
10,576 
10,721 
11,450 
10,962 


Calo- 
ries. 


13 


6,326 

6,670 

6,368 

6,558 
6,407 

6,057 
6,016 
6,414 
6,333 


6,130 
6,067 
6,050 
6,154 
6,188 
6,152 


6,800 
6,879 


6,991 
6,952 


6,784 
6,749 
6,926 
6,747 
6,698 

6,878 

6,919 

7,117 


5. 843 


5,863 

5,763 
5,876 
5,950 
6,361 
6,090 


Dry  coal. 


B.t.u. 


14 


12,431 

13,215 

12,619 

12,998 
12,712 

12,200 
12,083 
12,703 
12,700 


12,165 
12,046 
12,028 
12,234 
12,286 
12,055 


13,197 
13,274 


13,470 
13,414 


12,972 
12,839 
13,206 
12,807 
12,927 

13,288 

13,313 

13,567 


12,209 


12,036 

11,812 
12,105 
12,261 
12,960 
12,402 


Calo- 
ries. 


16 


6,906 

7,342 

7,011 

7,221 
7,062 

6,778 
6,713 
7,057 
7,056 


6,753 
6,602 
6,682 
6,797 
6,826 
6,697 


7,332 
7,374 


7,483 
7,452 


7,207 
7,133 
7,336 
7,115 
7,182 

7,382 

7,396 

7,537 


6,783 


6,687 

6,562 
6,725 
6,812 
7,200 
6,890 


Mobturetree 
andashftnee. 


B.t.u. 


16 


14,296 

14,377 

14,317 

14,332 
14,290 

14,303 
14,195 
14,287 
14,284 


14,180 
14,342 
14,206 
14,202 
14,212 
14,177 


14,610 
14,619 


14,648 
14,665 


14,641 
14,540 
14,635 
14,578 
14,543 

14,652 

14,636 

14,752 


14,162 


14,361 

14,380 
14,332 
14,362 
14,456 
14.416 


Calo- 
ries. 


17 


7,943 

7,987 

7,954 

7,962 
7,939 

7,946 
7,886 
7,937 
7,936 


7,878 
7,912 
7,892 
7,890 
7,896 
7,876 


8,117 
8,122 


8,138 
8,147 


8,134 
8,078 
8,131 
8,009 
8,079 

8,140 

8,132 

8,196 


7,868 


7,978 

7,989 
7,962 
7,979 
8,031 
8,009 


Num* 
berof 
analy- 
ses 
aver- 
aged. 


18 


13 


23 

59 

21 

41 

6 
10 
56 
37 


21 
56 
12 
25 
26 
13 


12 
5 


6 
83 


24 
13 
61 
22 
39 

59 

11 

10 


157 


106 

126 
72 
32 

4 
37 


Index 
num- 
ber. 


19 


146 


147 

148 

149 
150 

161 
152 
153 
154 


155 
156 
157 
158 
159 
160 


161 
162 


163 
164 


166 
166 
167 
168 
160 

170 

171 

172 


173 


174 

175 
176 
177 
178 
179 
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ANAI.YSK8  Of   COALS. 


Table  2. — CoaU  analyzed  for  the  fnited  State* 
UNITED  STATES  COALS--Coiitiiitied. 


WlNn  inlnwl 


j^tate,  county,  and  < 
town.  i 


Mim. 


Bed. 


iLLoroB-Oantd. 

WIUIAMSON 
COUMTY. 


Cariervflle. 
Do.... 
Do.... 


Johnston  City. 


Do. 
Do. 
Do. 
Do. 
Do. 


Do. 
Marlon. 


Indiana. 

oseen  county. 

Jasonvflle     and 
Midland. 

VIOO  COUNTY. 


WARWICK  COUNTY. 

Booneville 

Iowa, 
monroe  county. 

Avery 

Kansas, 
chsrokxb 

COUNTY. 


Mineral 


Do. 
Do. 


Do. 
Weir... 


CRAWFORD 
COUNTY. 


Englevale. 

Do — 

Mnlbeiry. 


BurrC. 

...do. 

do. 


No.  6. . 

do. 

do. 


Black  Brier do 


.do. 
.do. 
.do. 
.do. 
.do. 


do 

Bcranton   Big 
Muddy. 


Lattas  Creek  and 
Qilmore. 


.do. 
.do. 
.do. 
.do. 
.do. 


.do. 
.do. 


No.  4. 


John  Bull... 


I 


No.  5. 


Smoky  Hollow. 


Cherokee,  No.  3. 


Cherokee. 
do... 


CooiiiMiual 
of  coal. 


Carterville. 

Burr 

do 


Black  Brier. 


.do. 
.do. 
.do. 
.do. 
.do. 


.do. 


Siieofcoal. 


Lump,  o w  6-iiioih 


Lump,  ovw  3-iiioh 
shaUng  screen. 

Black,  thronjsh 
3-liich    shaking 


Black,  owlUndi 
round-hole 
screen. 

do 

do 

do 

do 

Through  3-inch 
screen,  over 
l)-inch  screen. 

Run  of  mine 

Lump 


Tons 
deilv. 


Vigo. 


Lump,    over 
Ihincn  screen. 

Nos.  1  and  2  nut. . 
Run  of  mine 


Cherokee. 


.do. 
.do. 


.do. 
.do. 


Run  of  mine, 


Lump,  over  2-tncli 
round-hole 


do 

Lump,   over    If- 

inch  round-bole 

screen. 

Run  of  mine 

do 


1,438 
2,060 
1,066 

2,2<M 


9,439 
1,047 
991 
2,254 
1,294 


224 
64 


652 


5,753 


199 


1.476 


Cherokee. 

do... 

do... 


Run  of  mine. 

do 

do 


5,079 


632 
8,753 


600 


1,605 
1,615 
1,443 
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Govefnment  during  the  fiiscat  yearn  liWfi-191o — Ontinued. 

UNITED  STATES  COALS— Continued. 


1 
i 

Proziiiiate  anal3rsis. 

Calorific  value,  per  pound. 

Num- 
ber of 
analy- 
ses 
aver- 
aged. 

Asre- 
c«ived. 

Dry  coal. 

As  received. 

Dry  coal. 

Moisture  free 
and  ash  free. 

Index 
num- 

Mois- 
ture, 
per 
cent. 

Volatile 

matter, 

per 

cent. 

Fixed 

carbon, 

per 

cent. 

Ash, 

per 

cent. 

Sul. 

phur, 

per 

cent. 

B.t.u. 

Calo- 
ries. 

■ 

B.t.u. 

Calo- 
ries. 

B.t.u. 

Calo- 
ries. 

17 

ber. 

7  ' 

• 

9 

10 

11 

18 

13 

14 

U 

16 

18 

19 

7.11 

32.06 

* 

55.62 

12.33 

1.35 

11,803 

6,557 

12,706 

7,050 

14,493 

8,052 

10 

180 

7.88 

34.94 

55.98 

9.08 

1.04 

12,216 

6,787 

13,261 

7,367 

14,585 

8,103 

8 

181 

7.38 

34.60 

56.28 

9.12 

1.00 

12,224 

6,791 

13,198 

7,332 

14,522 

8,068 

4 

182 

7.98 

34.54 

55.31 

10.15 

1.31 

12,033 

6,685 

13,0G0 

7,261 

14,545 

8,081 

12 

183 

7.43 
7.33 
8.07 
7.79 
6.90 

35.66 
35.09 
34.42 
36.48 
35.80 

54.27 
56.02 
53.17 
54.89 
53.70 

10.07 
8.80 

12.41 
8.63 

10.50 

1.29 
1.57 
1.28 
1.17 
1.43 

12,079 
12,280 
11,671 
12,243 
12,092 

6,711 
6,822 
6,484 
6,802 
6,718 

13,049 
13,251 
12,695 
13,277 
12,988 

7,249 
7,3G2 
7,053 
7,376 
7,216 

14,510 
14,544 
14,494 
14,531 
14,512 

8,061 
8,080 
8,052 
8,073 
8,062 

92 
12 

8 

10 

8 

184 
185 
186 
187 
188 

7.98 
7.76 

33.80 
37.29 

55.42 
50.47 

10.78 
12.24 

1.55 
3.06 

11,895 
11.671 

6,608 
6,484 

12,926 
12,653 

7,181 
7,029 

14,488 
14,418 

8,049 
8,010 

5 

6 

189 
190 

13.13 

40.90 

60.02 

9.08 

1.69 

11,536 

6,409 

13,280 

7,378 

14,606 

8,114 

9 

191 

10.86 

«0.54 

60.91 

a55 

1.18 

11,8C8 

6,560 

13,245 

7,358 

14,483 

8,046 

52 

192 

10.75 

43.15 

44.10 

12.75 

4.21 

11,181 

6,212 

12,528 

6,960 

14,350 

7,977 

4 

igs 

18.24 

40.45 

3&68 

20.87 

5.23 

9,775 

5,431 

11,267 

6,250 

14,239 

7,911 

13 

194 

3.06 

33.79 

51.71 

14.50 

5.26 

12,436 

6,877 

12,827 

7,126 

15,003 

8,334 

13 

195 

3.37 
4.21 

36.58 
82.40 

51.40 
5128 

12.07 
13.23 

4.99 
3.86 

12,717 
12,508 

7,065 
6,946 

13,160 
13,053 

7,311 
7,252 

14,966 
15,043 

8,314 
1    8,357 

4 
82 

196 
197 

4.41 
4.60 

3a  33 
34.83 

51.24 
52.80 

ia43 
12.87 

4.24 
6.04 

11,694 
12,443 

6,497 
6,913 

12,233 
13,043 

6,796 
7,246 

14,997 
14,881 

.8,332 
8,269 

3 
12 

198 
199 

4.74 
&30 
a  17 

83L15 
36u02 
35.68 

6a50 
4&48 
4&45 

17.35 
15.50 
15.92 

5.64 
4.10 
4.55 

11,666 
11,211 
11,190 

6,481' 

6,228 

6,217 

12,246 
12,226 
12,186 

6,803 
6,792 
6,770 

14,817 
14,469 
14,493 

8,232 
8,038 
8,052 

19 
27 
46 

200 
201 
202 
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ANALYSES  OF   COALS. 


Table  2. — Coals  analyzed  for  the  United  States 
UNITEID  STATES  COALS— CoDtinued. 


Where  mined. 


State,  county,  and 
town. 


Kansab— Contd. 

LBAVBNWOBTH 
COUNTY. 

Leavenworth 


Do. 
Do. 
Do. 
Do. 


Richardson. 
Do 


Do. 
Do. 


Kkntvckt. 
bill  countt. 


Blanche.. 

Do... 

Flneville. 


Rim 

Straight  Creek. 


HOPKINS  COUNTY. 

8t  Charles 


IIUULKNBURQ 
COUNTY. 


Drakesboro 

UNION  COUNTY. 


Stunis. 


WERSTEB   COUNTY, 

Clay 

WHITLEY    COUNTY, 

Burk  Hollow 

Mountain  Ash 


IfABTLAND. 
ALLEGANY  COUNTY. 

Eckfaart 


Do 

Do 

FrostburK(near). 


Do. 
Do. 
Do. 
Do. 


Mine. 


Home-Riverside 


....do 

....do 

do 

Home- Riverside, 
.    Nos.  1  and  2. 
Carr 


.do. 


.do. 
.do. 


Blanche 

do 

Moss  Creek. 


Black  Raven. 
Barker 


8t.  Charles. 


Diamond  Block., 


Nos.  1,2,  and  8.. 
Nos.  1, 2, 8,  and  9. 


No.  7. 


Burk  Hollow.. 
Mountain  Ash. 


Wsshlngton,  No.  2. 


do 

do 

Consolidation 
mines. 

do 

do 

do 

do 


Bed. 


Leavenworth 


.do. 
.do. 
.do. 
.do. 

.do. 

.do. 


.do. 
.do. 


Straight  Creek 
do 


Straight  Creek 
do 


No.  9. 


No.  9. 


No.  9.. 
do. 


No.  12. 


Blue  Gem. 
JellkJo 


Upper  Sewick 
ley  or  Tyson. 

do 

do 

Pittsburgh  or 
BiR  Vein. 

do 

do 

do 

do 


Commercial  name 
of  coal. 


Leavenworth. 


do 

do 

Home-Riverside 
do 


Richardson. 
....do 


.do. 
.do. 


Straight  Creek.... 

do 

Straiidit      Creek, 
JelUoo. 


Straight  Creek. 


Tradewater. 
do 


Caney  Greek « 


BurkHolk>w.. 
Mountain  Ash. 


Siieofooal. 


Lamp,  over  2-inGih 
round-hole 


do 

do 

Lump 

Run  of  mine. 


Lump,  over  5-inch 

screen. 
Lump,  over  3-inch 

round-hole 

screen. 

Run  of  mine , 

.....do 


Lump 

Run  of  mine. 
Lump 


Run  of  mine 

Through    2^inch 
screen. 


Run  of  mine. 


Run  of  mine. 


Run  of  mine. 
do 


Run  of  mine. 


Georges  Oeek. 


.do, 
.do. 
.do. 
.do. 


Run  of  mine.... 
Lump 


Run  o(  mine. 


.do.., 

.do.. 

.do... 


.do. 
.do, 
.do. 
.do, 


Tons 
deUv- 
ered. 


13,731 

10,482 

10,132 

7,009 

0,449 

0,2S2 

7,096 


8,135 
8,752 


156 
793 
137 

844 
1,559 


1,416 


274 


4,534 
6,994 


401 


552 
877 


490 

95 

18,315 

2,090 

2,531 

473 

3,609 

2,196 
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Government  during  the  fiscal  years  1908-1915 — Continued. 

UNITED  STATES  COALS— Continued. 


Proximate  analysis. 


As  re- 
ceived. 


Mois- 

ture, 

per 

cent. 


9.67 


10.00 
9.57 

10.24 
7.44 

&55 

9.42 


&79 
&07 


Dry  coal. 


Calorific  value,  per  pound. 


VolatUe 

matter, 

per 

cent. 


4a  31 


39.85 
3&76 
41.43 
41.19 

39.84 

40.75 


39.01 
39.54 


Fixed 
carbon, 
per 
cent. 


3.^ 
2.30 
2.40 

5.06 
3.45 


7.97 


9.76 


3.70 
3.75 


4.65 


3.97 
2.80 


37.93 
36.89 
40.18 

36.11 
33.83 


43.28 


3a  36 
3&42 


36.50 


36.70 
39.08 


2.18 

2.08 
1.99 
2.21 

8.09 
1.77 
1.45 
3.00 


20.32 

19.73 
20.06 
18.83 

18.65 
19.33 
ia63 
19.68 


43.40 


45.61 
44.30 
44.89 
44.20 

44.31 

44.21 


43.25 
42.96 


68.09 
62.88 
56.80 

55.01 
64.77 


44.20 


51.08 
51.21 


52.65 


56.13 
65.72 


72.91 

72.60 
71.83 
72.36 

72.47 
71.89 
72.28 
72.20 


Ash, 

per 

cent. 


10 


16.29 


14.74 
16.94 
13.68 
14.61 

16.85 

15.04 


17.74 
17.50 


3.98 

10.23 

3.02 

8.88 
11.40 


Sul. 
phur, 

per 
cent. 


I 


13.82 


12.62 


ia56 
ia37 


10.85 


7.17 
5.20 


6.77 

7.67 
8.11 
8.81 

8.88 
8.78 
9.09 
8.12 


11 


5.30 

4.75 
5.36 
4.77 
6.00 

5.40 

6.01 


6.09 
5.19 


1.08 
.79 
.87 

1.01 
1.57 


3.79 


2.80 
2.81 


1.58 


,78 
.98 


1.08 

1.09 

1.27 

.97 

.98 
.96 
.96 
.91 


As  received. 


B.t.u. 


IS 


10,809 

io|8|o 

11,208 
11,416 

11,149 

11,121 


10,888 
10,966 


14,198 
13,211 
14,271 

12,971 
12,796 


11,458 


11,370 


12,744 
12,787 


12,553 


13,348 
13,888 


14,259 

14,106 
14,086 
13,935 

13,766 
18,960 
13,961 
13,002 


Calo- 
ries. 


18 


6,038 

6,171 
6,022 
6,227 
6,342 

6,194 

6,178 


6,040 
6,092 


7,888 
7,339 
7,929 

7,207 
7,109 


6,366 


6,317 


7,080 
7,104 


6,974 


7,416 
7.716 


7,922 

7,887 
7,798 
7,742 


Dry  coal. 


B.t.u. 


14 


12,033 

12,341 
11,987 
12,487 
12,333 

12,191 

12,277 


11,937 
11,929 


14,540 
13,522 
14,622 

13,662 
13,253 


12,450 


12,508 


13,234 
13,285 


13,165 


13,900 
14,288 


14,577 

14,406 
14,321 
14,250 


7,648  14,205 

7,756  !  14,212 

7,751  I  14,156 

7,723  <  14,332 


Calo- 
ries. 


15 


6,686 

6,856 
6,659 
6,938 
6,853 

6,773 

6,821 


6,632 
6,627 


8,078 
7,612 
8,123 

7,580 
7,363 


6,917 


7,352 
7,381 


7,314 


7,722 
7,938 


8,098 

8,003 
7,966 
7,917 

7,893 
7,886 
7,864 
7,962 


Moisture  tree 
and  ash  free. 


B.t.u. 


16 


14,375 

14,474 
14,432 
14,466 
14,443 

14,487 

14,460 


14,611 
14,469 


16,143 
15,063 
15,077 

14,993 
14,958 


14,447 


6,999     14,401 


14,797 
14,822 


14,767 


14,974 
15,072 


15,636 

15,603 
15,585 
15, 6r 

15,689 
15,580 
15,571 
15,599 


Calo- 
ries. 


17 


7,986 

8,041 
8,018 
8,037 
8,034 

8,048 

8,028 


8,062 
8,033 


8,413 
8,368 
8,376 

8,329 
8,310 


8,026 


8,001 


8,221 
8,234 


8,204 


8,319 
8,373 


8,687 

8,668 
8,668 
8,683 

8,661 
8,656 
8,651 

8   AAA 
,DoD 


Num- 
ber of 
analy- 


aver- 
aged. 


18 


68 

43 
71 
39 
14 

23 

40 


42 
25 


6 

4 

4 

14 
28 


17 


6 
6 


3 
4 


Index 
num- 
ber. 


12 
81 
14 

19 

6 

13 

12 


19 


208 

304 
206 
306 
207 

306 

309 


310 
311 


212 
213 
214 

216 
216 


217 


218 


219 
230 


321 


333 
323 


234 

225 
226 
227 

228 
229 
230 
231 
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Table  2. — CoaU  analyzed  for  the  United  SUiia 

UNITED  STATES  COALS — CoDtiiiUP<1. 


Wben  mined. 


State,  ooonty,  and 
town. 


Maetlaiid— Con. 

iaXBOAMT  CO.— 

oontlnaed. 
Fro8tbarg(near). 


Mine. 


Bed. 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Lonaoonlng, 


Do. 
Do. 
Do. 
Do. 
Ocean.. 


Do 

Do 

Do 

Do 

Do 

Vale  Summit. 


QABBCTT  COUNTY. 


Consolidation 
mines. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

1,2,3,  and  4.. 


Pittsbnrgh  or 
Big  Vein. 


Nos. 


do. 

.....do. 

do. 

do. 

Ooean. 


do.. 

do.. 

do.. 

do.. 

do.. 

Mertens. 


Dodson , 


Dodson 

Michigan, 
saginaw  cox7ntt. 
Saginaw Riverside. 

Miaaoimi. 


do 

do 

do 

do 

do 

do 

do 

do 

Upper  Sewick- 

ley  or  Tyson 

do 

do 

do 

do 

Pittsburgh  or 

Bie  Vein. 

!!!!!do;;!';!!; 


do 

do 

do 

B    or    Lower 
Kittanning. 


B    or    Lower 
Kittanning. 


I 


Saginaw. 


MACON  COUNTY. 


I 


Bevier 

Montana, 
cabbon  county.  ' 
Bear  Creek Bear  Creek. 


Nos.  8 and  9 Bevier. 


T 


Commercial  name 
of  coal. 


Siieofcoal. 


I 


Qeorgee  Creek  — 


.do. 
.do. 
.do. 
.do. 
.do, 
.do. 
.do. 
.do. 
.do. 


Oeorges  Creek. 


....do 

do 

do 

do 

do 

Davis  Six-Foot. 


Dodson  -  Cumber- 
land. ' 


Riverside. 


Bevier. 


Do. 
Do, 
Do. 
Do. 
Do. 
Do. 


.do. 
.do. 
.do. 
.do. 
.do. 
-do. 


Nos.  2  and  3.. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Ron  ol  mine. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do, 
.do. 
.do. 


Run  of  mine. 


Do. 
Do. 


-do. 
-do. 


Do International. 


Washoe I  Nos.  2  and  3. 


do. 

do. 

No.  3.. 


No.  2. 


Original 
Creek. 

do 

do 

do 

do 

do 

do 


Beer 


Bear 


Toms 
deliv- 
ered. 


I 


€ 


Lump,  over  |-inch 
screen. 


Run  of  mine. 


Black. 


do 

Bear  Creek. 
Peerless 
Creek. 

Faultless I  Lump,  over  2-inch 

I     screen. 


Luinp 

.\\'.\^\\\\V.V.\''.\\ 

do 

do 

Liunp,  over  2-inch 
round-hole  shak- 
ing screen. 

V^'.do\\"'.V.'.\..'.. 
Slack  fbrkhogs 


4,575 

216 

491 
6,840 
5,938 
4,814 
2,112 
6.S5 
446 


12,457 

1,367 

20,406 

11,911 

1,256 

2,317 

123 
335 
332 
331 
431 
225 


216 


1,750 


SU 


130 

1.815 
1.650 
l.Ml 
2,021 
1,955 
1.496 


550 

1.106 

209 

2.940 
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Oorernment  during  the  fiscal  yearn  1908-1915 — Continued. 

UNITED  8TATE8  COALS— Continued. 


Proximate  analysis. 

Caloriflc  value,  per  pound. 

Num- 
ber of 
analy- 
ses 
aver- 
aged. 

Asre- 
ceivied. 

Dry  coal. 

As  received. 

1 

Dry  coal. 

Moisture  free 
and  ash  free. 

Index 
num- 

Mois- 
ture, 
per 
cent. 

VolatUe 

matter, 

per 

cent. 

8 

Fixed 

carbon, 

per 

cent. 

9 

Aah, 

per 

cent. 

Sul- 
phur, 

per 
cent. 

B.t.u. 

Calo- 
ries. 

B.t.u. 

• 

Calo- 
ries. 

B.t.u. 

Calo- 
ries. 

ber. 

7 

10 

11 

18 

13 

14 

15 

U 

17 

18 

19 

1.47 

18.98 

72.34 

8.73 

.97 

14,024 

7,791 

14,333 

7,907 

15,504 

8,668 

11 

232 

1.79 
1.65 
2.63 
1.78 
1.54 
3.50 
2.08 
2.46 
2.47 
2.21 

19.75 

19.21 

19.19 

1&84 

18.29 

18.46. 

18.44 

19.20 

19.06 

20.86 

72.04 
73.04 
72.87 
72.74 
72.87 
73.61 
72.38 
73.42 
72.85 
70.26 

8.21 
8.75 
7.94 
8.43 
8.84 
7.93 
9.18 
7.38 
8.09 
8.88 

.94 
.94 

1.02 
.94 
.93 
•  99 
.90 
.92 
.89 

1.23 

14,009 
14,027 
13,966 
14,023 
13,984 
13,830 
13,838 
14,110 
13,996 
13,881 

7,833 
7,798 
7,769 
7,791 
7,769 
7,683 
7,688 
7,839 
7,776 
7,712 

14,856 
14,262 
14,343 
14,377 
14,303 
14,333 
14,132 
14,466 
14,350 
14,195 

7,976 
7,923 
7,968 
7,933 
7,891 
7,963 
7,851 
8,037 
7,972 
7,886 

15,640 
15,680 
15,580 
15,590 
15,580 
15,566 
15,500 
15,619 
15,613 
15,578 

8,689 
8,683 
8,666 
8,661 
8,666 
8,648 
8,644 
8,677 
8,674 
8,654 

7 

8 

36 

23 

14 

11 

5 

5 

21 

51 

233 
234 

235 
236 
237 
238 
239 
240 
241 
242 

1.49 
1.99 
2.61 
2.30 
2.30 

30.64 
20.42 
20.41 
30.10 

70.17 
70.86 
70.90 
70.77 

9.19 
8.72 
8.69 
9.13 
9.34 

1.81 
1.36 
1.22 
1.31 

13,960 
13,981 
13,794 
13,785 
13,830 

7,760 
7,739 
7,663 
7,658 
7,683 

7,734 
7,643 
7,833 
7,768 
7,605 
7,303 

14,180 

14,314 

14,164- 

14,110 

14,160 

7,878 
7,897 
7,869 
7,889 
7,873 

15,615 
15,572 
15,513 
15,538 
15,639 

8,675 
8,651 
8,618 
8,627 
8,683 

5 
89 
50 
31 
28 

248 
344 
345 
346 

347 

2.26 
3.20 
2.58 
2.90 
3.29 
1.50 

1&54 
18.28 
20.40 
30.23 
19.83 
20.38 

72.66 
72.56 
72.27 
71  89 
71  95 
65.52 

8.80 
9.21 
7.33 
7.88 
8.22 
14.10 

1.13 
.87 
.83 
.93 
.85 

2.31 

13,921 
13,757 
14,090 
13,983 
13,851 
13,146 

14,243 
14,313 
14,473 
14,400 
14,322 
13,346 

7,913 
7,896 
8,040 
8,000 
7,957 
7,414 

15,617 
15,654 
15,617 
15,633 
15,605 
15,537 

8,676 
8,607 
8,676 
8,684 
8,660 
8,632 

25 
5 
5 
5 

11 
5 

348 
349 
350 
351 
252 
253 

1.60 

10.60 

68.46 

14.04 

2.23 

13,958 

7,199  1  13,165 

1 

7,308 

15,466 

8,592 

5 

254 

10.80 

37.08 

50.47 

12.45 

2.06 

11,458 

6,366  112,774 

7,097 

14,501 

■ 

8,106 

43 

256 

13.69 

36.11 

40.43 

33.46 

3.67 

9,354 

5,197    10,838 

6,032 

14,160 

7,867 

10 

266 

9.71 

38.49 

49.09 

12.42 

1.49 

10,661 

1 
5,923  '  11,807 

6,569 

18,481 

7,489 

16 

257 

9.55 
9.51 
9.10 
9.68 
9.37 
9.04 

42.97 

41.68 
42.14 
43.03 
43.64 
42.63 

46.84 
48.39 
4^.44 
47.34 
46.61 
4&74 

10.19 
9.93 

11.42 
9.63 
9.75 
a  73 

1.60 
1.54 
1.72 
1.43 
1.47 
1.54 

10,953 
11,015 
10,961 
11,041 
11,138 
11,196 

6,085 
6.119 
6,089 
6,134 
6,188 
6,220 

12,109 
12,173 
12,058 
.12,224 
12,289 
12,309 

6,737 
6,768 
6,609 
6,791 
6  827 
6,838 

13,483 
13,515 
13,613 
13,527 
13,617 
13,486 

7,491 
7,508 
7,562 
7,515 
7,566 
7,492 

24 
16 
14 
22 
11 
0 

258 
250 
260 
261 
262 
263 

9.12 
9.52 
9.63 

43.66 
43.90 
41.30 

46.54 
49.62 
47.37 

9.80 

6.48 

11.33 

1.59 
1.51 
1.70 

11,086 
11,632 
10,766 

6,159    13,108 
6,407     13,745 
5,981     11,913 

6,777 
7,081 
6,618 

13,523 
13,628 
13,435 

7,613 
7,571 
7,464 

5 

6 

13 

264 
265 
266 

9.73 

41.53 

49.06 

9.41 

1.54 

11,054 

6,141 

12,246 

6,803 

13,518 

7,510 

51 

267 
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Tabue  2.-— Coote  analyzed  for  the  United  Sfaten 
UNITIBD  8TAT1D8  COALft— Conttnned. 


WJuremtwrt. 


8teto,ooiiiit7,Mid 


MoMTAVA— Oontd. 

CAJC4DB  OOUMTT. 


BandOoalM. 

Do 

Do 


PABK  OOUNTT. 

Cbimney  Bock... 
Nxw  Mizioo. 

OOUAX  CX>TJNTT. 

Dawaon 

Do 


Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Koohier. 


!•••■•• 


Do. 
Do. 


Melaoo 

Bead  OoulM.. 
Brown 


Dftwson.. 
do.... 


do..... 

do..... 

»  m  m  m  sQU*  •  •  •  < 
>  ■  •  •  •UO«»*v  i 

do.... 

do...., 

Koehlar.. 


.do. 
.do. 


m'kinlet 

COUNTjr. 


AlUBon. 
Do. 
Do. 


RIO  ABRBA 
COUNTY. 


Monero. 


SANTA  n 
COUMTT. 


Madrid. 
Do. 
Do. 


Do 

Do 

North  Dakota. 

WILLIAMS  county. 

WflUston 

Omo. 

A1HXNS  ooxmrr. 

Hocking 

Do 

Do 


Diamond. 

.....do... 

....do... 


Monero,  No.  1.. 


No.  4.. 

....do. 
do. 


.do. 
.do. 


U.  B.  Rodamatlon 
Sorvice. 


B«L 


Nelson. 


Baton. 
do. 


...do. 
...do. 
. .  .do. 
. .  .do. 
...do. 
...do. 
...do. 


.do. 
.do. 


Nelson 

Sand  Coulee. 


Maxey. 


Dawson.. 
....do.... 


..do..... 
...do..... 
...do..... 
...do..... 
..do..... 


.do 

Swastika.. 


.do. 


DIamoBd. 
OaUnp... 
do... 


OerOlos. 

do. 

do. 


Ecu 


do., 


Lignite. 


Hoddng. 

do.., 

do.. 


.do. 
.do. 


Ecu 


do. 


SiseofooaL 


Luom 

Forked  lump. 


Lump. 


Lamp,  over  4-liicli 

screen. 
Lump, over  3-inch 


.do. 
.do. 


Lunup___ 

.....do 

Bun  of  mine 

Lump,   over    1|- 

ind  screen. 
Lomp,  ovor  S-inch 


Lump. 


Lamp,  over  ^inch 


Lump,    over    4|- 

inco  screen. 
Lump,  over  4-ineh 

screen. 


Run  of  mine. 


Anthracite  egg 

do 

Anthracite   large 

furnace. 
Anthracite  smaU 

furnace. 
do , 


Crashed. 


Lump. 


Tons 
dallv- 
end. 


638 
119 


1,856  ' 

I 

i 

ISO 

VM 

1,547  . 
1,643  I 

978 
1,402 
1,195 

601 
1.984 

3,917 

3,123 


623 

1,043 

958 

296 


1,048 
601 
600 

1,365 

1,032 


314 


196 
300 
248 
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Oovemment  during  the  fiscal  years  1908-1915 — Continued. 

UNITBD  STATES  COALS — Continued. 


Proximate  analysis. 


Asre- 
oeived. 


MoiB- 
ture. 


ocot 


&73 
6.50 

4.87 


10.85 


Dry  coal. 


Volatfle 

matter, 

per 

cent. 


1.78 

1.54 

1.74 
1.72 
1.74 
1.75 
1.86 
1.03 

i.a9 

1.83 
1.75 


12.38 
18.11 
1L2D 

X02 


4.87 
5.23 
&14 

4.57 

4.95 


4a  ft*) 


2.55 
2.26 
2.20 


aa2i 

20.23 
20.90 


41.80 


3flu84 

35.61 

36.34 
3&72 
37.50 
37.45 
87.18 
36.58 
3&52 

37.56 

39.35 


43.88 
46.84 
44.34 

4a  08 


5.80 
5.22 
6.75 

«.78 

5.84 


Fixed 

carbon, 

per 

cent. 


47.08 


36.54 
36.04 
30.70 


51.81 
53.56 
5a  05 


4&42 


47.88 

48.57 

48L15 
48w67 
4&03 
4&75 
4&52 
46.86 
53.06 

5a  22 

53.76 


47.70 
47.52 
45.02 

53.06 


82.53 
81.75 
85.75 

88.04 

85.52 


Ash, 

per 

cent. 


42.03 


55.00 
54.07 
52. 2C 


10 


17.08 
1&21 
2a  05 


0.60 


1&33 

15.83 

15.51 
12.61 
14.30 
13.80 
14.30 
16.56 
7.53 

12.22 

7.08 


0.42 
5.64 
0.74 

0.37 


11.58 

13.08 

&50 

0.30 

0.14 


laao 


7.56 
8.10 


8nl- 
phur, 

per 
cent. 


11 


2.00 
3.50 
2.43 


.47 


.62 

.71 

.70 
.62 
.66 
.62 
.62 
.60 
.71 

.70 

.70 


.57 
.57 
.52 

.80 


.74 
,75 
.74 

.66 

.68 


Calorlflo  value,  per  pomid. 


As  reoeived.    i      Dry  ooal. 


B.tn. 


If 


1.37 


1.15 
1.16 
1.71 


10,541 
10,667 
10,005 


0,056 


12,551 

12,441 

12,460 
12,062 
12,667 
12,748 
12,636 
12,266 
13,760 

12,032 
13,560 


11,101 
11,513 
11,190 

13,506 


12,445 
12,056 
12,790 

12,745 

12,654 


Calo- 
ries. 


U 


13,619 
13,451 
13,577 


5,856 
5,026 
5,836 


5,531 


6,073 

6,013 

6,037 
7,106 
7,037 
7,082 
7,010 
6,800 
7,640 

7,184 

7,583 


6,167 
6,306 
6, 


B.t.a. 


14 


6,014 
6,606 
7,106 

7,081 

7,090 


6,367       3.537 


11,182 
11,288 
11,043 


11,074 


13,778 

13,636 

13,600 
13,170 
13,801 
13,075 
13,874 
13,407 
14,006 

13,173 

13,801 


13,663 
13,350 
13,611 


7,504  13,014 


13,063 
12,731 
13,483 

13,355 

13,313 


Calo- 
ries. 


15 


7.566 
7,473 
7,543 


10,783 


13,075 
13,762 
13,882 


6,212 
6,271 
6,135 


6,653 


7,008 

7,030 

7,050 
7,833 
7,163 
7,308 
7,152 
6,043 
7,783 

7,3lS 

7,667 


7,084 
7,361 
7,006 

7,730 


7,368 
7,068 
7,401 

7,410 

7,^06 


Moisture  (tee 
and  ash  free. 


B.  t.  u. 


16 


5,990 


7,764 
7,646 
7,712 


13,683 
13,801 
13,812 


13,250 


15,002 

15,011 

15,020 
15,061 
15,068 
15,062 
15,023 
14,077 
15,145 

15,007 

14,008 


13,070 
14,042 
13,072 

14,861 


14,705 
14,627 
14,736 

14,734 

14,652 


Calo- 
ries. 


17 


12,100 


15,118 
15,121 
15, 106 


7,574 
7,667 
7,673 


7,366 


8,384 

8,330 

o,  344 
8,378 
8,365 
8,362 
8,346 
8,321 
8,414 

8,337 

8,333 


7,766 
7.801 
7,763 

8,366 


8,310 
8,126 
8,187 

8,180 

8,140 


Num- 
ber of 
analy- 


6,722 


8,  «vv 
8.401 
8.392 


aver- 
aged. 


U 


12 

10 

5 


12 


4 

8 

15 
13 
15 
11 
17 
11 
12 

0 

8 


6 

16 

6 

14 


13 

8 

11 

13 

10 


Index 
num- 
ber. 


13 


20 

10  I 
13 


10 


368 
360 
370 


371 


373 

373 

374 
376 
376 
377 
378 
270 
280 

281 

282 


283 
284 
285 

286 


287 
288 
280 

290 

291 


292 


293 
294 
295 
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Table  2. — CoaU  analyzed  for  the  United  States 
UNITBD  STATES  COALS— Continued. 


WbflnmJiMd. 


State,  oocmty,  and 
town. 


Omo— Oontinned. 


)N 

OOUMTT. 


Blainnont 

HOCKOra  OOUNTT. 


LoocBtratli. 


JACKSON  OOUMTT. 


Oklahoma, 
lb  tlorb  oountt. 


Bokoshe. 
Howe... 


OKMULOBE 
OOUNTT. 


I>ewar. 

Do. 
Do. 


Mine. 


Mi^estlc. 


Stalter,  No.  1. 

do 

do 


Bokoflhe. 
Howe... 


[eniyetta. 


PIT  TBBU  B  O 
OOUNTT. 


Adamaon. 


nmBxnto    and 

LATOCBB  OOUN- 


PBNN8TLVANIA. 

ALLBGHBNT 
COUNTT. 

Camden 


Diayosburg. 
Smlthdale.. 


ABMSTBONO 
COUNTT. 

New  Bethlehem.  ^ 
Do 


Henryetta. 
do.... 


AdanHon. 


Camden 

Risher 

Ooean,  No.  6. 


Fabmount. 
do 


CAMBBIA  COUNTS 

Bakerton 

Do 

Bamesboro 


Do. 

Do. 


Bed. 


Plttsburg,Na8 


No.  6.. 

....do. 

do. 


Commercial  name 
of  coal. 


Panama. 


Pittsburg,  No.  8... 


Hocking  Valley... 

do 

do 


Milton  Jackson... 


Bokoshe. 


Dewar, 


Hartshome. 


Pittsburg. 

do... 

do... 


do.... 

do.... 

Henryetta. 
do 


Adamson. 


Adamson. 


Yougliiogfaeny. 
do 


Lancashire, No.  14.   B  or  Miller.... 
do do 


Delta. 


do 

Empire  "A". 


Lancashire. 

....do 

Delta 


D   or    Lower 
Freeport 

do 1 do. 

do ,  Empire 


Sueofooal. 


Lump,  over  {-inch 
screen. 


Lump . 

do. 

do. 


Lump 


Run  of  mine . 
do 


Lump,  over  2-inch 
screen. 

Lump 

Kim  of  mine 

Lump 

Run  of  mine 


Lump,  over  1-inch 
screen. 


Lump,  over  l^inch 
screen. 


Through    iV-inch 

bar  screen. 
Lump,  over  {-inch 

screen. 
Screenings 


Kui)  of  mine. 
do 


Run  of  mine. 

do 

...    do 


Tons 
deliv- 
ered. 


.do. 
do, 


990 


3,424 
3,1S5 
3,305 


305 


350 
3a''> 


403 

224 

274 

241 

1,682 


981 


L408 


1,616 

1,211 

452 


I 


968 
986 


H,  249 
42*1 

2.H.W ; 

1 

10,578  , 

7,650  i 
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(Government  during  the  fiscal  years  1908-1915 — CJontinued. 

UNITED  STATES  COALS— Continued. 


Proximate  analysis. 


Asre> 
oelved. 


Mois- 

tore, 

per 

cent. 


2.6 


6.27 
6.60 
6.30 


9.28 


3.33 
4.98 


a34 

ao8 

6i46 
6i68 
6.46 


2.40 


Dryooal. 


Volatile   Fixed 
matter,  carbon, 
per    I    per 
oent.      cent. 


Z14 


3.13 
2L19 
3.63 


2.56 
2.76 


2.51 
2.06 
2.59 

1.98 
3.10 


43.4 


16.33 
1&97 


34.74 

37.16 
36^00 
37.85 
36i50 


36.28 


3a  80 


31.95 
37.37 
34.53 


35.00 

34.  94 


22.43 
21.95 
21.92 

21.86 

27.36 


Ash, 

per 

cent. 


10 


49.4 


39.60  ,  52.68 
4a  90  51.50 
41.10      4&30 


68.96 
6&27 


5S.96 

55.35 
53.04 
54.47 
53.61 


5199 


51.96 


56.56 
55.97 
56.57 


63.30 
53.71 


09.31 
09.51 
09.66 

69.12 
a3.14 


7.2 


7.63 

7.60 

ia60 


Sul- 
phur, 
per 
oent. 


11 


a65 


1.86 
2.00 
3.43 


Caloriilc  value,  per  pound. 


As  reoelved. 


B.t-u. 


U 


a  61 

» 

19.69 
12.76 

1.47 
.98 

9.30 

2.46 

7.50 

la  96 

7.68 

9.80 

2.21 
2.12 

1.79 
2.00 

a73 

1.30 

9.26 

.95 

11.49 

1.56 

6.66 

1.29 

ago 

1.18 

11.70 
11.95 

1.67 
1.70 

a26 

a54 
a42 

1.98 
2.00 
2.50 

9.02 
9.50 

2.28 
1.S2 

13,266 


12.606 
12,548 
12.129 


11,789 


11,836 
12,861 


12,434 

12,738 
12,186 
12,620 
12,346 


13,400 


13,137 


12,930 
13,764 
13.128 


13,025 
12.908 


13,944 
13,942 
13,926 

13,904 
13,62« 


Calo- 
ries. 


13 


7,370 


7,004 
6,971 
6,788 


6,549 


6,576 
7,139 


6,906 

7,077 
6,770 
7,011 
6,859 


nr»/wwki     '  Moisture  freed 
D^w""-    I   and  ash  free. 


B.t.u. 


Calo- 
ries. 


14 


13,620 


13,451 
13,435 
12,944 


12,996 


12,344 
13,536 


13,276 

13,568 
13,028 
13,523 
13,199 


7,445  I  13,730 


U 


7,567 


7,478 
7,464 
7,191 


7,219 


6,803 
7,514 


7,876 

7,586 
7,238 
7,613 
7,383 


7,628 


7,298  ,  13,424  \    7,468 


7,647     14,072  |    7,818 
7,293     13,622      7,568 


7,387    18,807 
7,171     13,374 


7,747 
7,745 
7,737 

7,724 
7,571 


14,303 
14,234 
14,296 

14,185 
14,064 


7,428 
7,874 


7,946 
7,908 
7,942 

7,881 
7, 813 


I 


B.t.u. 


16 


7,183     13,348  '    7,416     15,081 


14,677 


14,562 
14,540 
14.479 


14,877 


16,346 
16,503 


14,637 

14,663 
14,632 
14,648 
14,633 


15,043 


14,792 


15,076 
14,953 


15,138 
15,076 


16,591 
15,563 
15,610 

15,591 
15,540 


Cal 
ries. 


17 


8,154 


8,090 
8,078 
8,044 


7,987 


8,470 
8,618 


8,132 

8,146 
8,129 
8,138 
8,129 


8.357 


8,318 


8,878 
8,376 
8,307 


8,410 
8,876 


8,602 
8,646 
8,672 

8,662 
8,633 


Num- 
^*»' Index 


analy- 


aver- 
aged. 


18 


30 
21 
21 


8 


8 
6 


10 

4 

5 

4 
13 


13 


8 


34 

14 

6 


9 
8 


82 
11 
18 

48 

•77 


ber. 


19 


396 


297 
298 
299 


300 


301 
302 


303 

304 
306 
306 
307 


306 


809 


310 
311 
812 


313 
314 


316 
310 
317 

31H 
3111 
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Table  2. — Coals  analyzed  for  the  United  States 
UNITED  STATES  COALS—Conttnoed. 


Whsre  mined. 


State,  ooonty,  and 
town. 


HlDe. 


PElTWflTLVAHIA— 

Continaed. 

CAMBBIA  COUXTT— 

continued. 

Colver 

Do 

Do 

Do 

Do 

Dnnlo 


Do 

Do 

Do 

Do 

Elmora ■ 

Do 

Do 

Do 

Do 

Fallen  Timber.. 


Hastings. 


Johnstown , 


Do 

Do 

Nanty-Glo. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do.... 

Do.... 

Do 

Do.... 

Do 

Do...- 

Do.... 

Do.... 
Patton 

Do.... 
Portage... 


SoathFork. 

Do 

Twin  Rocks. 

Do 

Do 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Ebensburg,  No.  1 

do 

....do 

do 

do 

Logan,  No.  7 


Bed. 


....do 

....do 

....do 

....do 

Sterling 

do 

....do 

....do 

do 

Fallen  Timber,  No. 

Rich  Hill,  Nos.  1 

and  2. 
Bird 


Valley,  No.  1 

Morreliville 

Cardiff 

....do 

do 

do 

....do 

....do 

....do 

....do 

do 

do 

do 

do 

do 

do 

.....do 

do 

Ivory  Hill 

Springfield,  No.  1. 

Pardee 

do 

Aetna 


Do do 

Do Miller  Shaft,  No.  1 

flaTcman Greenwich 


Argyle... 

do 

Ben  Par.. 
Big  Bend. 


Commercial,  Nos. 
3,4,  and  5. 

Commercial 

do 

do 

do 

do 

Nonpareil... 


Upper 


BorMUler 

....do 

....do 

do 

....do 

£   or 
Freeport. 

....do 

.....do 

.....do 

do 

Borldller... 

do 

do 

do 

do 

E   or   Upper 


Commeroial  name 
of  coal. 


Colver. 

do. 

do. 

do. 

do. 

Logan. 


Freeport. 
...do. 


C  or  Upper 
Kittanning. 

do 

B  or  Miller 

....do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


E  or  Upper 
Freeport. 

....do 

Bor  Miller.... 

D  or  Lower 
Freeport. 

Bor  Miller... . 

.....do 


.do. 
.do. 
.do. 
.do. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


.do. 
.do. 
.do. 
.do. 


Colonial. 


Rich  Hill. 


Bird  Qaemahon- 

ing. 
Valley  smokeless. 

MorT«31viUe 

Cardiff 


Siaeofooal. 


....do 

....do 

....do 

....do 

do 

....do 

....do 

do 

....do 

....do 

do 

do 

....do 

....do 

....do 

Liberty 

Borman. 

Beech  Creek. 
Pardee 


South  Fork. 
Greenn^ch. 


Argyle 

do 

Ben  Par... 
Davenport . 

do 

Star 


....do... 

....do..., 

....do... 

do... 

....do... 
Big  Bend. 
....do... 


Run  of  mine. 

do 

do 

.....do 

do 

do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 

.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Tons 
deliv- 
ered. 


75,635 
74,658 

63,iao 

158,577 

44, 7W 

6,905 

11,854 
1,456 
9,137 
8,161 

23,391 
6,951 

15,403 
8,170 

30,a5S 

20,375 

27,680 
10,898 

494 
4,877 
6,679 

219 
1,759 
7,606 
3,215 

376 
6,780 
1,762 
l,3n 
3,228 

490 

242 
1,254 

523 
1,308 
1,494 
3,049 
7,000 
1,585 
4,858 

194 

190 
5,075 
4,067 

12,387 

16 

5,248 

3,158 

3,200 

15,706 

3,362 
583 

1,061 
302 

7,411 
468 

1,018 
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Oovemment  during  the  fiscal  years  1908-1915-^<jontin\ied, 

UNITED  STATES  COALS— Continued. 


Proziniate  analysis. 

Calorific  vahie,  per  pound. 

^ 

Num- 
ber of 
analy- 
ses 
aTer- 
aged. 

Asre- 
oelyed. 

Dry  ooal. 

As  received. 

Dry 

coal. 

Moisture  free 
and  ash  free. 

Index 
num 

Hois- 

VolaWe 

matter, 

per 

Fixed 

Ash, 
oent. 

Sul- 

ber. 

tare, 
per 

carbon, 
per 

phur, 
per 

B.t.u. 

Calo- 
ries. 

B.tu. 

Calo- 
ries. 

B.tu. 

Calo- 
ries. 

cent. 

cent. 

cent. 

oent. 

• 

18 

7 

8 

0 

10 

11 

IS 

13 

14 

16 

16 

17 

19 

2.53 

22.18 

7a  33 

7.40 

1.55 

14,127 

7,848 

14,404 

C052 

15,667 

8,704 

335 

330 

2.31 

22.07 

60.37 

7.66 

1.61 

14.137 

7,854 

14,456 

8,031 

15,655 

8,697 

332 

321 

i.vr 

22.88 

60.85 

7.27 

1.68 

14,201 

7,  oo9 

14,486 

8,048 

15,622 

8,679 

278 

322 

3.09 

23.25 

70.37 

6.38 

1.42 

14,337 

7,965 

14,643 

8,135 

15,641 

8,689 

78 

323 

2.23 

23.20 

70.52 

6.28 

1.40 

14,328 

7,960 

14,665 

8,142 

15,637 

8,687 

63 

324 

3.23 

17.83 

71.37 

10.80 

3.38 

13,470 

7,483 

13,920 

7,733 

15,605 

8,660 

48 

826 

2.50 

19.01 

72.14 

7.05 

1.85 

14,076 

7,820 

14,437 

8,021 

15,684 

8,713 

90 

326 

2.28 

10.13 

71.37 

0.50 

1.87 

13,824 

7,680 

14,147 

7,859 

15,632 

8,684 

13 

327 

2.64 

10.12 

71.87 

0.01 

1.80 

18,854 

7,697 

14,230 

7,906 

15,639 

8,688 

45 

328 

2.50 

18.22 

72.03 

0.75 

2.32 

13,713 

7,618 

14,073 

7,818 

15,593 

8,663 

31 

329 

2.43 

10.01 

72.39 

7.80 

1.73 

14,110 

7,844 

14,471 

8,039 

15.695 

8,719 

161 

330 

8.11 

21.66 

70.48 

7.86 

1.67 

13,077 

7,765 

14,426 

8,014 

15,657 

8,698 

45 

331 

2.60 

23.15 

68.64 

8.21 

L77 

13,960 

7,761 

14,355 

7,975 

15,639 

8,688 

90 

332 

2.64 

22.73 

68.67 

a60 

1.88 

13,880 

7,711 

14,256 

7,920 

15,507 

8,665 

12 

333 

2.03 

22.57 

68.07 

8.46 

1.85 

14,012 

7,784 

14,302 

7,946 

15,624 

8,680 

26 

334 

2.20 

26.01 

65.41 

8.58 

1.22 

13,920 

7,733 

14,246 

7,914 

15,583 

8,657 

36 

335 

2.48 

25.51 

67.46 

7.03 

1.03 

14,119 

7,844 

14,478 

8,043 

15,573 

8,652 

47 

336 

1.99 

16L30 

72L81 

laso 

1.85 

13,591 

7,651 

13,867 

7,704 

15,546 

8,637 

83 

337 

1.30 

30.14 

71.73 

8.13 

.94 

14,165 

7.860 

14.352 

7.973 

15.622 

8,670 

11 

338 

8.51 

22.10 

68.71 

0.10 

1.06 

13.650 

7,583 

14.147 

7,859 

15.570 

8.655 

24 

339 

3.12 
2.25 

6.72 
6.30 

'2.65 

14,360 
14,336 

7.978 
7,964 

14.671 
14,666 

8.151 
8,148 

15  728 
15  652 

8.738 
8,696 

157 
12 

340 

30.23 

'*78."48' 

341 

2.06 

30  28 

73.25 

6.47 

1.01 

14.331 

7,962 

14,635 

8.131 

15  647 

8.693 

28 

343 

2.00 

10  56 

73  75 

6.60 

1.00 

14.360 

7,983 

14.676 

8  153 

15  728 

8.738 

142 

343 

2.26 

20  05 

73.00 

6.05 

2.11 

14,284 

7,936 

14.614 

8.119 

15  706 

8.726 

46 

344 

2.00 

20  30 

72.76 

6. 04 

2.16 

14,274 

7.930 

14.565 

8.092 

15,651 

8.695 

24 

345 

2  16 

31  OS- 

60.81 

0.11 

1.70 

13,011 

7,728 

14,218 

7.899 

15  643 

8,691 

30 

346 

2  17 

SI  43 

71.62 

6.06 

2.13 

14,261 

7.923 

14,677 

8.098 

15,667 

8.704 

33 

347 

3.06 

30. 72 

73.27 

7.01 

1.07 

14,311 

7,951 

14,612 

8,118 

15.714 

8.731 

27 

348 

2.28 

20.06 

71.80 

7.15 

2.07 

14,222 

7,901 

14,554 

8.086 

15.675 

8.708 

51 

349 

1.03 

30.14 

72.13 

7.73 

2.07 

14,165 

7,860 

14.^44 

8.024 

15.654 

8.697 

20 

350 

1.90 

20.67 

72  26 

7.07 

2  00 

14,240 

7,016 

14.538 

8.077 

15.644 

8,601 

7 

351 

2.24 

22.42 

70.70 

'6.70 

2.05 

14,202 

7,040 

14.619 

8.122 

15.684 

8,713 

16 

352 

1.82 

21.56 

71.13 

7.31 

3.00 

14,213 

7,806 

14.476 

8.042 

15.618 

8.677 

13 

353 

3.89 

23  14 

7060 

7.17 

1.88 

14. 105 

7,836 

14.525 

8,069 

15  647 

8.603 

16 

354 

2.06 

22  71 

70.70 

6.50 

2.10 

14,288 

7,038 

14,592 

8.107 

15  621 

8,678 

20 

355 

2.58 

20  72 

71.67 

7.61 

2.12 

14  080 

7,822 

14,453 

8.029 

15. 643 

8,691 

32 

356 

2.34 

20.18 

71.58 

8.24 

2:41 

13,992 

7,773 

14  327 

7,959 

15. 614 

8,674 

24 

357 

3.42 

20.81 

71.87 

7.32 

1.13 

14,087 

7,826 

14  436 

8.020 

15.576 

8,653 

12 

358 

8.15 

33.26 

68.73 

8.01 

1.35 

13,887 

7,715 

14.339 

7.966 

15,588 

8.660 

77 

350 

1.42 

20.03 

T2.78 

7.10 

1.72 

14,399 

7,099 

14,606 

8,114 

15,738 

8,743 

4 

360 

2.00 

10.04 

71.06 

0.00 

2.13 

13,948 

7,740 

14.233 

7,907 

15,641 

8,689 

6 

361 

2.87 

17.23 

75.40 

7.28 

.84 

14,060 

7,811 

14.475 

8.042 

15,612 

8,673 

18 

362 

8.14 

26.37 

64.00 

8.64 

1.45 

13,788 

7,660 

14,235 

7,908 

15,581 

8,656 

63 

363 

1.00 

17.50 

74.63 

7.78 

1.35 

14,170 

7.872 

14.458 

8,032 

15.678 

8,710 

38 

364 

1.43 

6.72 

14.323 

7,958 

14,531 
14,614 

8,073 
8.119 

15,578 

8,654 

4 

365 

3.10 

"i0.'73* 

**73'40 

6.87 

"ii75' 

A7  t  !*•«* 

14.161 

7,867 

15,692 

8,718 

23 

366 

2.78 

21.27 

72.13 

6.60 

1.78 

14. 147 

7,859 

14,552 

8,084 

15.580 

8,656 

6 

367 

4.86 

31.55 

71.80 

6.65 

1.34 

13,764 

7,641 

14.457 

8.032 

15.487 

8,604 

14 

368 

3.66 

21.  eo 

71.18 

7.22 

2.18 

14,140 

7,856 

14,511 

8,062 

15,640 

8,689 

53 

369 

8.05 

20.48 

72.45 

7.07 

1.85 

14,121 

7,845 

14,565 

8.092 

15.673 

8,707 

24 

370 

1.83 

7.76 

14,250 

7.922 

14.525 

8,060 

15. 747 

8,748 

13 

371 

3.26 

*"io!87' 

*  "78.16 

7.47 

"■i'73' 

14,222 

7.901 

14,551 

8.084 

15,736 

8,737 

41 

372 

3.00 

10.53 

73.33 

7.14 

1.67 

14,216 

7,898 

14.595 

8,108 

15,717 

8,732 

18 

373 

3.00 

10.40 

73.67 

7.03 

2.17 

14,388 

7,966 

14,631 

8,128 

15,737 

8,743 

61 

374 

3.50 

22.57 

70.80 

6.63 

1.88 

14,240 

7,911 

14,619 

8,122 

15,657 

8,098 

16 

375 

2.71 

23.66 

71.38 

6.12 

1.85 

14,254 

7,919 

14,651 

8,130 

15,006 

8,670 

37 

376 

52773<>— : 
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Table  2. — CoaU  analyzed  for  the  United  States 
UNITED  STATES  COALS— ^^onUnued. 


Wliere  mined. 


State,  county,  and 
town. 


Pknxbvlvania— 
Continued. 

CAMBRIA  COUNTY— 

continued. 


Vintondale. 

Do 

Do 

Do 


HlDe. 


Bed. 


CLBABnELn 
COUNTY. 


Hawk  Run. 

Do.... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Irrona 

Do 

Ramey 

Do 


Smith  Mills. 


ELK  AND  TBTTEBr 

aON  COUNTIES. 


FATETTE  COUNTY. 

Braenell 

Brownsville  Junc- 
tion. 

HUNTINGDON 
COUNTY. 

Robertsdale 

Do 

INDIANA  COUNTY. 


Clymer.. 
Graoeton. 


JEPTEBSON 
COUNTY. 

Delancey     and 
Eleanora. 
Do 


Do... 
Eleanon. 


Vinton BorMilW 

do do 

do do 

do do 


Commelrcial  name 
of  coal. 


Size  of  ooal. 


Vinton Run  of  mine. 

do ' do 

do do 

do do 


Acme ^  B  or  Miller 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


.do., 

.do.. 

.do.. 

.do. 

.do. 

.do.. 

.do, 

.do. 

.do., 

.do. 


I 


Acme. 
do. 


Irvona do . 

do ' do. 

Whitney do. 


Bulah,No.  4. 


Viola. 


Shawmut, 


D   or    Lower 

Freeport. 
B  or  M.iller. . . . 


D  or   Lower 
Freeport. 


Bmmell 

Pike...-. Pittsburgh. 


Robertsdale   and 

Wood  vale. 
do 


Bamett    and 

Fulton. 
do 


Empire B  or  Miller. .. . 

Graoeton E    or   Upper 

Freeport. 


Florence  and  Elea-    D   or   Lower 


nora. 
...do. 


Freeport. 
.do. 


Adrian  and  Elea- 
nora. 
Eleanora 


.do. 
.do. 


....do... 
....do... 
....do... 
....do... 

do... 

do... 

do... 

do... 

do... 

Irvona . . . 

do... 

Whitney. 
Bulah.... 


Viola. 


Shawmut. 


Youghiogheny. 


RockhiU. 
do... 


Empire . . 
Graoeton. 


Run  of  mine. 

do 

....do 

....do 

....do 

do 

do 

do 

do 

do 

....do 

....do 

do 

,....do 

....do 


.do. 


Lump,  over  i-inch 
screen. 


Screenings 

Slack  and  nut. 


.do. 


Run  of  mine. 
do 


Run  of  mine. 


Lump,  over  i-inch 

screen. 
Run  of  mine 


Tons 

deliv- 

«red. 


Runofmine 44,372 


1,791 
2,292 

10,423 
9,796 


483 
3,376 
2,067 
1,520 
3,260 
3,250 
3,301 
6,780 
8.684 
3,114 
2,392 

748 
8,0S0 

391 
3,370 

2,420 


996 


8,018 
1,619 


14,365 


7,245 
1,198 


894 

901 

898 

1,172 
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Government  during  the  fiscal  years  1908-1915 — Continued. 

UNITED  STATES_COALS— Continued. 


Proximate  analysis. 


As  re- 
ceived. 


Mois- 
ture, 
per 
cent. 


2.18 
2.24 
2.27 
2.23 


2.33 
2.56 
2.58 
1.92 
2.96 
3.10 
3.12 
2.42 
2.72 
3.06 
3.51 
2.36 
2.38 
2.89 
3.60 

3.01 


4.06 


5.37 
3.59 


2.03 
1.89 


3.24 
1.96 


3.04 
2.81 
2.27 
3.91 


Dry  coal. 


Volatile 

matter, 

per 

cent. 


19.25 
19.58 
20.89 


21.01 
21.55 


21.38 
21.70 
22.71 
22.59 
22.18 
22.48 
22.04 


22.57 
16.44 


34.15 


30.76 
32.16 


15.98 
15.95 


28.30 
25.12 


30.72 
30.50 
31.87 
32.03 


Fixed 

carbon, 

per 

cent. 


72.65 
73.19 
70.96 


71.18 
70.36 


68.17 
67.36 
67.52 
67.84 
68.77 
67.72 
68.52 


69.43 
78.02 


56.2^ 


58.39 
56.61 


75.20 
74.01 


62.81 
65.50 


62.76 
62.43 
59.02 
59.64 


Ash, 

per 

cent. 


10 


7.84 
8.10 
7.23 
8.15 


7.81 
8.09 
7.93 
9.63 
10.45 
10.94 
9.77 
9.57 
9.05 
9.80 
9.44 
9.34 
11.63 
8.00 
5.54 

8.35 


9.60 


10.85 
11.23 


8.82 
10.04 


8.89 
9.38 


6.52 
7.07 
9.11 
8.43 


Sul- 
phur, 

per 
cent. 


11 


2.57 
2.26 
2.37 


2.16 
2.25 


2.42 
2.51 
2.48 
2.42 
2.27 
2.32 
2.60 


1.35 
.64 


1.94 


1.66 
1.38 


1.35 
1.22 


2.07 
1.34 


1.27 
1.68 
1.76 
1.82 


Calorific  value,  per  pound. 


As  received. 


B.t.u. 


12 


14,130 
14,068 
14, 253 
14,065 


14, 140 
14,a54 
14,022 
13,861 
13,516 
13,401 
13,616 
13,728 
13,745 
13,574 
13,546 
13, 898 
13,493 
13,968 
14,273 

13,944 


13,210 


12,675 
12,937 


14,024 
13,814 


13,660 
13,775 


14,040 
13,977 
13,737 
13,582 


Calo- 
ries. 


13 


7,850 
7,816 
7,918 
7,814 


7,856 
7,808 
7,790 
7,701 
7,509 
7,445 
7,564 
7,627 
7,636 
7,541 
7,526 
7,721 
7,496 
7,760 
7,929 

7,747 


7,339 


7,042 

7,187 


7,791 
7,674 


7,594 
7,653 


7,800 
7,765 
7,632 
7,546 


Dry  coal. 


B.t.u. 


14 


14,445 
14,390 
14.584 
14,386 


14,477 
14,423 
14,393 
14, 132 
13,928 
13,830 
14,054 
14,068 
14,129 
14,002 
14,039 
14,234 
13,822 
14,384 
14,806 

14,377 


13,760 


13,394 
13,419 


14,315 
14,080 


14,127 
14,050 


14,480 
14,381 
14,056 
14,135 


Calo- 
ries. 


16 


8,025 
7,994 
8,102 
7,992 


8,043 
8,013 
7,996 
7,W1 
7,738 
7,683 
7,808 
7,816 
7,849 
7,779 
7,799 
7,908 
7,679 
7,991 
8,226 

7,987 


7,649 


7,441 
7,455 


7,953 
7,822 


7,848 
7.806 


8,044 
7,989 
7,809 
7,853 


Moisture  free 
and  ash  free. 


B.  t.  u. 


Calo- 
ries. 


16 


15,674 
15.658 
15,721 
15,662 


15,703 
15,693 
15,633 
15,638 
15,553 
15,529 
15,576 
15,557 
15,535 
15,523 
15.502 
15,700 
15, 641 

15,635 
15,674 

15,687 


15,231 


15,024 
15, 117 


15,700 
15,651 


15,505 
15,504 


15,490 
15,475 
15,465 
15,436 


17 


8,708 
8,609 
8,734 
8,701 


8,724 
8,718 
8,685 
8,688 
8,641 
8,627 
8,653 
8,643 
8,631 
8,624 
8,612 
8,722 
8,689 
8,686 
8,708 

8,715 


8,462 


8,347 

8,398 


8,722 
8,695 


8,614 
8,613 


8,606 
8,597 
8,592 
8,576 


Num- 
ber of 
analy- 


aver- 
aged. 


18 


13 

38 

229 

166 


11 
23 
9 
9 
90 
50 
94 
115 
79 
23 
27 
17 
62 
16 
38 

55 


18 


35 
24 


397 
36 


47 
5 


13 

24 

9 

31 


Index 
num- 
ber. 


19 


377 
378 
379 
380 


381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 

396 


397 


398 
399 


400 
401 


402 
403 


404 
405 
406 
407 
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Table  2. — Coals  analyzed  far  the  United  States 
UNITED  STATES  COALS— Continued. 


Where  mined. 


State,oounty,and 
town. 


Pennsylvania— 
Continued. 

90MEBSET  OOUNTT. 


Boswell. 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Boswell 
Jerome. 

Do 

ElkLiok... 


and 


Do. 

Do. 

Garrett. 


llooversville. 

Do 

Do 

Do 

Jenner 


Mine. 


Atlantic. 


do.. 

Orenda. 
do.. 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do..... 

Orenda 

Jerome. 

do 

Pine  IllU  and  Klk 

Lick. 

do 

Merchants,  No.  3. 
Garrett C 


and 


Bed. 


C   or   Upper 

Kittannmg. 

do 


..do... 

..dD.,.. 

..do.... 

..do... 

..do..., 

..do... 

..do... 

..do..., 

..do... 

..do... 

..do... 

..do... 

..do... 

..do... 

..do.... 


Commercial  name 
of  coal. 


...do 

Pittsburgh. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do- 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Jerome. 


Knickerbocker . 

do 

Landstreet 

Consolidation . . 


Maodonaldton. 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Zimmerman. 


do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do., 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

Jerome. 


..do 

..do 

or   Upj)er 

Kittannmg. 
B  or  Miller... 

....do 

....do 

.-..do 

C   or   Upi)^ 

Kittanning. 
....do 


Pen  Mar,  Nos.  2 

and  3. 

do 

do 

do... 

do 

do 

do..- 

do 

do 

Quema  honing 

Creek  No.  1. 


.do... 

.do..., 

.do... 

.ao..., 

.do... 

.do... 

.do... 

.do... 

.do..., 

.do... 

.do... 

.do.... 

.do..., 

.do.... 

.do.... 

.do... 

.do.... 

.do.... 

.do.... 


BorMUler. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
or 


Upner 


Kittanning. 


Orenda 

—  .do 

....do 

....do 

—  .do 

....do 

....do 

do 

....do 

.-..do 

....do 

do 

do 

do 

Orenda 

Jerome. 

...do 


and 


Powell. 


Knickerbocker... 

do.„...: 

......do.?. 

Margaret 

Jenner 


SiaeofcoaL 


Run  of  mine.. 


..do... 

..do.,. 

..do..., 

..do... 

..do..., 

■  .do.... 

..do... 

..do... 

..do... 

..do... 

..do... 

..do... 

..do... 

..do... 

..do... 

..do... 


.do. 
.do. 


.do. 
.do. 
.do. 


..do.... 
..do.... 
..do..... 

..do 

..do.... 
..do..... 
..do.... 
..do.... 

..do 

..do.... 
-.do.... 
..do.... 
-.do.... 
..do.... 
..do.... 
..do.... 
..do.... 

..do 

..do.... 


..do. 
..do. 
.do. 
.do. 
..do. 


Pen  Mar. 


.do... 
.do... 
.do... 
.do... 
.do... 
.do... 
.do... 
.do... 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Lunq),  over  3-inch 

bar  screen. 
Run  of  mine 


...do. 
...do. 
...do., 
...do., 
...do. 
,...do.. 
...do., 
...do., 


Tons 
deliv- 
eced. 


6,489 

614 

73,027 
2,000 
5,784 


Qaemahoning  > do. 

Creek.  > 


3,gl2 
5,015 
640 
540 
2,766 
3,507 
6,644 
3,445 
6.845 
1.316 
3,930 

1,523 
2,589 

10,155 

19,604 

6,378 

3,972 
14S 
623 

6,341 
427 

5,200 
6,200 
3.2S0 
6,563 
1.310 
12.834 
5,700 
5,900 
6,207 

358 
3,445 
3,747 
7,300 
5,820 
6,016 
6,300 
4.502 
3, 595 
1,336 

380 

004 

1,115 

3,169 

600 

906 

677 

2,934 

2,298 

1,027 

11,126 
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Oovemment  during  tite  fitcal  yeart  1908^1915 — Continued. 
UNITBD  STATES  COALS— Cod  tloned. 


ProilinatoUulTib. 

CalodBoTal 

le,  per  pound. 

analy 
see 

Aire- 
c«ived. 

Dryotml. 

Ai  received. 

Dry  coal. 

is-rc 

Index 

^" 

llola-. 

VolBUk 

PU«d 

Sul- 

S^«: 

lure, 

matter^ 
per 

carbon 
per 

^l 

pju,, 

B.t.u. 

Cato- 
ries. 

B.t.u. 

HeaT 

B.t.u. 

'^ 

(MDt. 

cmt. 

oanl. 

c«nt. 

7 

« 

* 

10 

" 

13 

13 

U 

U 

" 

17 

1* 

11 

1.80 

17.29 

73.  SI 

9.20 

13,834 

7,686 

14,233 

7,909 

15,875 

8,708 

408 

.93 

13,688 

7,604 

179 

10 

a.ia 

ifllso 

73:46 

3;  717 

15;  813 

844 

2.tO 

B,D7 

13,880 
3,917 

7:™ 

1,262 

7  588 

15' 697 

fl4 

i 

3:34 

3  771 

is:  602 

MS 

'.ti 
2.x 

B.84 

13,718 
3  743 

j'sil 

4|oa3 

4,080 

I'lll 

islsos 

166 

88 

a:69 

3  SSI 

«)«as 

4,218 

7,809 

3.33 

9.71 

3!  784 

7647 

4093 

7,839 

15:607 

.es 

13,871 

71706 

1,134 

197 

2 

3.13 

9:60 

3  807 

tImo 

9.32 

13  745 

7!  636 

4' 100 

7,833 

16:636 

180 

^783 

7646 

4;096 

7831 

15,805 

m 

421 

M 

li.oo 

■— -■ 

13;  708 
13,837 

7616 
7,576 

14,078 
131847 

7831 
7693 

16,604 
16.658 

71 

"ii'.m 

.M 

16.96 

10.73 

M 

13,661 

7,689 

13,SB« 

7,720 

3D 

434 

1.33 

17-17 

73.23 

9.61 

-SB 

13,893 

7,718 

U,079 

7,822 

16.576 

8,851 

, 

425 

3.47 

20.36 

14,284 

7,916 

14,64« 

S,I37 

16.899 

8,722 

426 

3.11 

21.11 

73.63 

6.97 

1-32 

14,399 

7,999 

14,758 

8,199 

16,696 

8.719 

„ 

437 

16.  M 

74.  S7 

8.78 

13,889 

7,705 

14,274 

7,930 

16,648 

S,891 

3-07 

3:31 

11;  466 

7;  483 

13,886 

41 

429 

3.57 

17.31 

72. 4» 

10.30 

1.68 

13,661 

7.584 

14,011 

7,784 

15,830 

8,678 

9 

430 

3.ns 

71.38 

10  87 

13,886 

7,608 

13,986 

16,667 

8,898 

3.00 

30.17 

73.39 

14  191 

14  481 

16,646 

S,802 

433 

3,12 

17.34 

74.48 

8:28 

1:99 

13,811 

14,256 

7;920 

15.543 

8  636 

34 

3.34 

6.61 

9:91 

11,884 

13,816 
13:882 

j!^ 

14,198 

14,220 

14,056 

7,88S 

7,900 
7,  MO 

16.690 

1  .664 
1  ,610 

8.717 

8.702 
8:872 

3.04 

low 

4;  026 

7,792 

i;6B8 

■  a 

111  716 

4,027 

7  793 

1  ,601 

8;667 

138 

.M 

7:b8 

7.87 

:eo 

14;  133 

4,113 

8,007 

8691 

439 

3.ia 

,   18.15 

10,00 

.4,027 

7,791 

1  ;6S6 

8,659 

13,' 622 

ti,973 

1  ,584 

3.13 

7!  62 

13  661 

3,957 

7;756 

1    696 

442 

7.61 

72:1s 

10:2* 

LIS 

1     712 

7;  618 

13  066 

7;7S9 

1  ,569 

71.40 

10.80 

13,685 

7,603 

3,90a 

1  ,686 

8.659 

3!  11 

is'.iio 

10.88 

13617 

13,911 

7;™ 

1  ,571 

7,86 

71:69 

10-45 

13  731 

3  933 

1    659 

'.m 

18.13 

71.66 

10-21 

1-M 

13,718 

.621 

13,997 

7;778 

U,6S9 

8,681 

•24 

417 

18.01 

71.90 

10.09 

1  ,649 

3,983 

7,788 

1  ,553 

8.640 

.» 

3,970 

1  ,636 

449 

7:76 

72:12 

10:12 

1  '.&» 

isao 

3:945 

15  515 

460 

.go 

10.53 

,599 

7,723 

1  ,636 

8,611 

451 

7;S02 

1  ,546 

.» 

id:  00 

IK 

13:9;n 

1  ,631 

i',m 

3.63 

is:  41 

7S:8» 

8.08 

-93 

1  ;77i 

7:652 

14:276 

7;  931 

U 

454 

3.06 

IB.  17 

73:68 

11.2s 

1.93 

13,398 

7,413 

13,820 

7,678 

16,573 

8,651 

3 

456 

3.  SO 

17.78 

70,79 

11.43 

2.03 

13,391 

7,439 

13.757 

7,643 

1S,533 

8,829 

10 

468 

IM 

18.53 

71.82 

1.74 

11,736 

14,023 

7,790 

15,566 

8,642 

93 

457 

1«S 

16.62 

1:20 

13,390 

7;  139 

13,797 

7,665 

3;7S 

IS.  S3 

2:18 

13,1«S 

13,743 

7;63S 

f,m 

3.33 

18.08 

08,  B3 

2:40 

2.34 

13,073 

13,507 

18 

1816 

89.98 

7,332 

-:577 

1  ,42.-; 

kI.wb 

3!  IS 

70.19 

16,435 

3,77 

1  -M 

llIlM 

1  ,370 

8:544 

3S7 

71.39 

11:12 

i:«i 

13:489 

7;  483 

I1;k34 

7.m 

i:66i 

81641 

51 

464 

86 
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Table  2. — CoaU  analyzed  for  the  United  States 
UNITED  STATES  COALS— Continued. 


Where  mined. 


State,coimty,  and 
town. 


Pennbtlvania— 
Continued. 

WASHINOTON 
COUNTY. 

Baird  and  Hazel 

Kirk. 
CaUfomia 


Mine. 


Schoenbei^er  and 

Hazel  Kirk. 
Crescent 


Bed. 


PitUborgh.. 
do 


Hazel  Kirk 

West  Brownsville. 


Do. 


WASHINOTON  AND 
ALLEGHENY 
OOUNTIES. 

Monongahela  and 
Gallatin. 

WESTMORELAND 
COUNTY. 


HarelKirk ' do. 

Diamond do. 


.do. 


.do. 


Black     Diamond 
and  Simnyside. 


Adamsburg . 
Seward. 


Edna. 


Pittsburgh. 


Ninevah , 


Webster Budd 


Pittsburgh. 

B  or  Miller., 
Pittsburgh . , 

do 

do 


Wyano. 


....do. 
....do. 

....do. 

....do. 

I do. 

Osborne I do. 

' do. 

, do. 

I do. 

do. 

do. 

, do. 


Commercial  name 
of  coal. 


Youghiogheny. 
do 


....do.... 
Pittsburgh 


.do. 


Youghiogheny.. 


Youghiogheny 


Ninevah 
You 


ighiogheny — 
do'.'.'.'.'.'.'.'.'.'.'. 


Tennessee, 
anderson 

COUNTY. 

I 

Briceville Crass  Mountain , 


Coal  Creek . 


CAMPBELL 
COUNTY. 

Caryville Bear  Wallow Coal  Creek 


.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Crass  Mountain . . 


Bear  Wallow. . , 


CLAIBORNE 
COUNTY. 


Clairfleld. 


MORGAN  COUNTY 

Coalfield 


SEQUATCHIE 
COUNTY. 


King  Mountain . 


Baker. 


Jellico. 


Coal  Creek 


Dunlap '  Dunlap Sewanee Dnnlap Runofmine 


Round  Mountain. 


Siseofooal. 


Lump. 


Throagh    l^-inch 

screen. 

Screenings 

Lump,    over    2^- 

incn  screen. 
....do 


Lum: 


over 
inch'screen. 


£ 


Through    Ifinch 

screen. 

Runofmine 

Lump 

Run  of  mine 

Lump,  over  2-inch 

screen. 

Lump 

Lump,    over    IJ- 

Incn  screen. 

Lump 

do 

do 

Screenings 

do 

do 

....do 

....do i.... 

do 

....do 

....do 


Tons 
deliv- 
ered. 


450 

1,064 

8.597 
446 

376 


18,382 


1.008 

3.154 

1,004 

790 

3.4S0 


Runofmine. 


Run  of  mine , 


Run  of  mine , 


Run  of  mine . 


263  ; 
292 

641 
630 
707 

1,173 
449 

8,101 
927 
415 

1,146 
914 

1,020 

1,715 

5,040 

2,623 

3,473 

4,364 
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Oovemment  during  the  fiscal  years  1908-1915 — Continued. 

UNITED  STATES  COALS—Continned. 


Proximate  analysis. 

Calorific  value,  per  pound. 

Num- 
ber of 
analy- 
ses 
aver- 
aged. 

As  re- 
ceived. 

Dry  coal. 

As  received. 

.Dry  coal. 

Moisture  free 
and  ash  free. 

Index 
num- 

Moi». 

tare, 

per 

oent. 

Volatflfl 

matter, 

per 

oent. 

Fixed 

carbon, 

per 

cent. 

Ash, 

per 

cent. 

10 

Snl- 

phur, 

per 

oent. 

B.t.u. 

Calo- 
ries. 

B.t.u. 

Calo- 
ries. 

B.t.u. 

Calo- 
ries. 

ber. 

7 

8 

9 

11 

IS 

13 

14 

16 

1< 

17 

18 

.19 

1.82 

3A.18 

57.12 

6.70 

1.26 

13,996 

7,776 

14,255 

7,919 

15,279 

8,488 

8 

465 

4.54 

33.40 

54.71 

11.89 

1.47 

12,562 

6,979 

13, 159 

7,311 

14,935 

8,297 

10 

466 

7.49 
3.14 

3Z87 
33.93 

56.87 
57.29 

ia26 
8.78 

2.51 
1.05 

12,378 
13,452 

6,877 
7,473 

13.380 
13,888 

7,433 
7,716 

14,910 
15,225 

8,283 
8,458 

33 
8 

467 
468 

2.08 

34.95 

54.77 

10.28 

.94 

13,360 

7,427 

13,653 

7,585 

15,217 

8,454 

7 

469 

2.20 

35.09 

56.35 

7.96 

1.02 

13,657 

7,587 

13,964 

7,758 

15,172 

8,429 

19 

470 

4.39 

34.53 

55.68 

9.79 

1.84 

13,016 

7,231 

13,614 

7,563 

15,091 

8,384 

11 

471 

2.15 
2.10 
2.98 
1.80 

23.19 
35.77 
35.20 
34.85 

69.17 
56.02 
57.35 
6a  01 

7.64 
8.21 
7.45 
5.14 

1.82 

1.76 

1.35 

.93 

14,100 
13,665 
13.539 
14,248 

7,833 
7,592 
7,522 
7,916 

14,410 
13,948 
13,955 
14.522 

8,006 
7,749 
7,753 
8,068 

15,602 
15,196 
15,078 
15,309 

8,668 
8,442 
8,377 
8,505 

30 

6 

10 

17 

472 
473 
474 
475 

2.15 
1.83 

35.96 
35.76 

56.82 
55.48 

7.22 

a78 

1.63 
.76 

13,753 
13,618 

7,611 
7,566 

14,055 
13,872 

7,808 
7,707 

15,149 
15,204 

8.416 
8,447 

9 
4 

476 
477 

2.70 
1.84 
1.98 
5.58 
4.33 
4.55 
4.54 
4.33 
4.89 
4.44 
5.19 

36.20 
36.51 
36.54 
33.55 
34.42 
33.52 
34.65 
34.56 
31.43 
33.50 
36.20 

56.02 
58.16 
56.88 
55.57 
55.87 
54.88 
55.20 
57.06 
57.96 
57.83 
54.75 

7.78 
5.33 
6.58 

10.88 
9.71 

11.60 

10.15 
8.38 

10.61 
8.67 
9.05 

1.55 
.75 

1.33 
1.37 
1.49 
1.70 
.92 
1.46 
1.44 
1.04 

13,535 
14,179 
13,964 
12,533 
12,988 
12,637 
12,906 
13,228 
12,839 
13,251 
12,851 

7,519 
7,877 
7,758 
6,963 
7,216 
7,021 
7,170 
7,349 
7,133 
7,362 
7,139 

13,911 
14,445 
14,246 
13,274 
13,576 
13,239 
13,520 
13,827 
13,499 
13.867 
13,554 

7,728 
8,025 
7,914 
7,374 
7,542 
7,356 
7,511 
7,682 
7,499 
7,7W 
7,530 

15,085 
15,258 
15,249 
14,895 
15,036 
14,976 
15,047 
15,092 
15, 101 
15,183 
14,903 

8.381 
8,477 
8,472 
8,275 
8,353 
8,320 
8,359 
8.384 
8,389 
8,435 
8,279 

11 
17 
10 
22 

6 
29 
10 

7 
11 
18 
11 

478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 

2.20 

36.33 

55.25 

8.42 

1.19 

13,609 

7,561 

13,915 

7,731 

15,194 

8,441 

7 

489 

2.01 

38.37 

56.16 

7.47 

.91 

13,671 

1 

7,505 

13,951 

7,751 

15,0';7  1 

8,376 

13 

490 

2.00 

'35.40 

50.86 

1 

13.74 

1.99 

12,674 

7,041 

12,933 

7,185 

1 
14,993 

8,329 

7 

491 

1.98 

37.81 

50.80 

11.39 

3.37 

13,179 

7,322 

13,445 

7,469 

15,173 

8,429 

21 

492 

1 

2.05 

3a96 

68.91 

iai3 

1.26 

13,472 

7,484 

13,754 

7,611 

15,304  1 

8,502 

39 

483 

38 
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Table  2. — Coals  analyzed  for  the  United  States 

UNITED  STATES  COALS— Continued. 


Where  mined. 


State,  coanty,  and 
town. 


Texas, 
maverick 

COUNTY. 

Eagle  Pass 

WEBB  COTJNTY. 

Cannel  and   San 
Jose. 

Utah. 

CABBOfir  COUNTY. 


Black  Hawk. 
Castle  Gate.. 


liine. 


Hiawatha. . 
Kenilworth. 


International. 


Cannel,  San  Jose, 
and  No.  3. 


Black  Hawk. 
Castle  Gate.. 


Hiawatha. 


EMERY  COXTNTY. 

Mohrland 


VIROINU. 
RUSSELL  COXTNTY. 

Dante 


RUSSELL  AND  WISE 
COUNTIES. 

Dante  and  Wilder. 

Dante,  Slemp,  and 
TomsCree^  . 


Mohrland , 


Noe.  2  and  5. 


Nos.  2,  5,  6,  52, 
and  55. 


Bed, 


3 


Eagle  Pass. 


San  Pedro. 


Commeroial  name 
of  coal. 


Book  Cliff.... 
Castle  Gate... 


Book  Cliff. 
Aberdeen. 


Book  Cliff. 


Upper  Banner, 


Upper  and 
Lower  Ban- 
ner. 

do: 


Eagle  Pass . 


Cannel. 


Black  Hawk. 
Castle  Gate- 


Hiawatha. 
Aberdeen. 


King. 


CUnchfield. 


Cllnchfield. 


TAZEWELL  COUNTY. 

Pocahontas 


Do. 
Do. 


Big  Vein,  Nos.  1 
and  2. 

<}o 

do 


Pocahontas, 
No.  3. 

do 

do 


.do. 

.do. 
do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Pocahontas. 


.do. 
.do. 


Siie  of  coal. 


Lump. 


Run  of  mine. 


Tons 
dellT- 


Lump 

Lump,   over   4^ 

Inch  round-hole 

screen. 

Lump 

Lump,    over    4- 

incn    shaking 

screen. 


Lump,  over  3- 
inch  round-hole 
screen. 


Run  of  mine. 


Run  of  mine 
(steam). 


Run  of  mine. 


....do 

do 

....do 

....do 

do....... 

do 

StoVer 

Sized  steam. 


Run  of  mine. 


.do. 
.do. 


4,000 


482 


1,300 
3,750 


300 
939 


3,510 


188 


1,230 


4,466 

1,497 
1,2» 
1.528 
11.803 
10.011 
2,273 
3.418 
6,239 


13.668 

1,834 
15,573 
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Oovemmeni  during  the  fiscal  ye^irs  1908-1915 — Ck)ntlDued. 

UNITED  STATES  COALS— Continued. 


Proximate  tnalysls. 


As  re- 
ceived. 


Hob- 

ture, 

per 

cent. 


7.10 


4.45 


4.67 
3.83 


&13 
4.94 


4.65 


Dryodlil. 


2.65 


2.22 


2.04 

2.03 
1.76 
2.38 
2.43 
1.47 
1.57 
1.64 
2.43 


3.03 

1.49 
3.12 


Volatile 
matter, 

cent. 


37.73 


42.64 


46.76 
43.50 


45.17 
42.39 


45.53 


35.50 


36.94 


36.72 

34.51 
34.17 
34.55 
35.22 
36.23 
35.87 
36.29 
36.15 


20.93 

20.19 
20.08 


Fixed 
carbon, 

cent. 


47.02 


36.88 


46.88 
5a  68 


48.96 
51.32 


48.21 


57.45 


54.41 


55.06 

55.67 
68.22 
55.82 
56.21 
56.53 
56.21 
54.91 
52.11 


73.66 

73.91 
74.94 


Ash, 

per 

cent. 


10 


16.25 


2a  58 


6.36 
5.82 


6.87 
6.29 


6.26 


7.05 


Sul- 
phur,, 

cent. 


U 


1.00 


2.87 


Caloriilo  value,  per  pound. 


.61 
.52 


65 
58 


.64 


.68 


As  received. 


B.  t.  u. 


12 


11,323 


10,889 


12,985 
13,048 


12,959 
12,686 


13,011 


8.66 

.70 

8.20 

.66 

9,82 

.70 

7.61 

.64 

9.63 

.72 

8.57 

.63 

7.24 

.67 

7.92 

.57 

8.80 

.69 

11.74 

.64 

5.41 

.68 

6.90 

.72 

4.98 

.67 

14,073 


13,697 


13,799 

18,579 
13,997 
13,566 
13,692 
14,093 
13,947 
13,813 
13,154 


14,479 

14,581 
14,557 


Calo- 
ries. 


13 


6,291 


6,040 


7,214 
7,249 


7,199 
7,048 


7,228 


7,818 


7,600 


7,666 

7,544 
7,776 
7,637 
7,607 
7,829 
7,748 
7,674 
7,308 


8,044 

8,101 
8,087 


Dry  coal. 


B.  t.  u. 


14 


12,188 


11,396 


13,607 
13,568 


13,660 
13,346 


13,646 


14,456 


14,006 

14,686 

13,860 
14,246 
13,807 
14,083 
14,303 
14,169 
14,043 
13,482 


14,931 

14,802 
15,026 


Calo- 
ries. 


16 


6,771 


6,331 


Moisture  free 
and  ash  free. 


B.t.u. 


7,550 
7,638 


7,589 
7,414 


7,581 


8,031 


7,782 


7,826 

7,700 
7,914 
7,721 
7,796 
7,946 
7,872 
7,802 
7,490 


8,295 

8,223 
8,348 


16 


14,381 


14,349 


14,531 
14,406 


14,612 
14,241 


14,557 


15,552 


15,334 


15,344 

15,369 
15, 419 
15,378 
15,348 
15,419 
15,388 
15.398 
15,275 


Calo- 
ries. 


17 


7,989 


7,972 


8,073 
8,003 


8,062 
7,912 


8,087 


8,640 


8,519 


8,524 

8,538 
8,566 
8,543 
8,527 
8,666 
8,549 
8,554 
8,487 


15,785 

15,730 

15,814  I    8;  786 


8,769 
8,739 


Num- 
ber of 
analy- 


aver- 
aged. 


18 


33 


10 


Index 
num- 
ber. 


12 
28 


3 
8 


35 


14 


23 

29 
23 
13 
42 
16 
12 
32 
82 


160 

8 
207 


19 


494 


495 


496 
497 


MA 

'WO 

499 


500 


501 


502 


503 

504 
605 
506 
607 
508 
509 
510 
611 


512 

513 
514 


40 
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Table  2. — Coals  analyzed  for  the  United  States 
UNITED  STATES  COALS-^Contlnued. 


Where  mined. 


State,  county,  and 
town. 


Wabhinoton. 

IpNQ  COUNTY. 

Black  Diamond. 

Do 

Coal  Creek 


Do. 
Do., 
Do. 
Do. 


Do. 


KITTITAS  COUNTY. 


Rofllyn. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 


Mine. 


Black  Diamond. 
do 


Newcastle. 


do. 
.do. 
.do. 
.do. 

.do. 


Beekman. 


PIEBijnE  COUNTY. 


Burnett. 
Do.. 
Do.. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


....do 

do 

do 

Patrick-MacKay.. 

do 

do 

do 

do 

Roslyn  -  Cascade  « . 
do 


Rosl 


Burnett. 

do.. 

do.. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Bed. 


McKay. 
do.. 


No.  4. 


.do. 


.do. 
.do. 


Roelyn. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do, 
.do. 


Commercial  name 
of  coal. 


Black  Diamond. 

....do 

Newcastle 


.do., 
.do., 
.do. 
.do., 


.do. 


Roslyn, 


do 

do 

do 

Roslvn-Cascade. 

do 


Roslyn. 
....do. 


Nos 


1,2,  and  3 

.do 

.do 


.do. 
.do. 
.do, 
.do. 


Roslyn-Cascade. 


r 


South  Prairie. 
do 


.do. 


Carbonado Carbonado . 


Do. 
Do. 
Do. 
Do. 


.do. 
.do. 
.do. 
.do. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
'^meat 

".do! 
.do. 
.do. 


Wingate. 


Do '  Carbon  Hill, 

Wnkeson ]  Qale Creek.. 

Do do 

Do do 


.do. 


do 

do 

....do 

....do 

do 

do 

do 

Carbonado. 

do 

do 

do 

do 


.do. 


Do. 


.do. 


Queen Gale  Creek. 

do do 

do do 


.do. 


.do. 


Size  of  coal. 


Run  of  mine 
....do 


Lump,  over2-lnch 

screen. 
....do 

do 

Lump,  over  2-inch 

sha  .ing  scmesD., 

do 


Lump,    over   1|- 
incn  screen. 

Steam 

do 

do 

Lump 

do 

Steam 

Run  of  mine 

do 

Lump,  over  2-indi 
bar  screen. 

Lump 

Washed  steam 


Luxnp 

Lump,  over  2-hich 
bar  screen. 

Washed  steam 

do 

Run  of  mine 

do 

do 

do 

do 

Washed  steam 

do 

do 

do 

Lump,  over  1|- 
inch  bar  screen. 

do 

Lump 

Steam 

Washed  through 
2i-inch  round- 
hole  shaking 
screen. 

do 


Tons 
deliv- 
ered. 


1. 

1.576 

2,425 

2,6M 

1.783 

1.471 

905 

1,000 


3,444 

2» 

3,005 

2,281 

2,309 

3,255 

1,055 

729 

668 

796 

805 

737 
3,029 


790 
1,050 
1,757 

666 

933 

567 

147 

536 

339 

8,343 

639 

4,568 

8,880 

2,479 

1,230 

1,091 
798 
592 
895 


895 


a  Formerly  known  as  Patrick-MacKay. 
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UNITED  STATES  COALS— Continued. 


A«re- 

ctlvid. 

Uoti- 

V, 

H' 

- 

9.73 

W.67 

t8.18 

11.26 

1-10 

11,781 

0,634 

13,810 

7,006 

14.208 

7,687 

23 

B18 

12  233 

8,798 

12,970 

7,208 

14,347 

18 

6ie 

10;  286 

b;7h 

li;799 

13,820 

12.28 

«.31 

43.11 

14.58 

.81 

10,221 

S,678 

11,649 

8,471 

13,837 

7.676 

20 

IS 

6  992 

12  299 

8  833 

13,890 

7,608 

ii!gg 

42!  2a 

43!  64 

:84 

10|3I7 

6  732 

11  708 

8604 

13,648 

12.36 

U.86 

43.  JS 

12:40 

.68 

10;  489 

6;827 

11,953 

6:8« 

13.846 

7;681 

4 

11 

12,1. 

12. 3i 

44.(19 

13.08 

.80 

10,422 

6,790 

11,883 

8,691 

13,846 

7.581 

10 

521 

3.77 

37.  BO 

48,07 

18.43 

.31 

12,010 

8,889 

12,512 

8,911 

14,971 

8,318 

31 

62! 

I.M 

38  73 

48  28 

li.oi 

, 

2,239 

8,799 

2824 

7,114 

15,089 

8,383 

8. 

521 

2  233 

8  798 

15  092 

8,384 

; 

5B 

3J 

38 

14: 46 

'.3 

:^447 

8916 

: 

910 

7;  172 

15;  092 

8384 

U 

S2( 

.38 

?2»7 

8  832 

14,948 

8,303 

.3 

2,308 

a;  837 

i 

14  963 

8  307 

31 

(8 

ii!3o 

2.421 

7;  132 

14,980 

8  332 

6 

52t 

/3 

00 

14.27 

a;  842 

7  173 

8.367 

6 

63( 

:38 

8  742 

8,9S9 

8,301 

28 

3; 

0  809 

SOS 

7  114 

8  332 

631 

2.M 

S2 

80 

14.88 

2:379 

8,877 

1! 

7,087 

14;  087 

8,328 

9 

533 

2.59 

4X78 

4S.3i 

13.89 

.38 

12,440 

6  911 

U.771 

7095 

14,831 

8.239 

B 

534 

4.83 

39.35 

49.73 

ia92 

.41 

12,878 

7:iB4 

13,531 

7;  518 

16,191 

8,439 

18 

536 

2.97 

41.07 

49.18 

9.75 

73 

12,978 

7  210 

13  375 

7  431 

14,820 

8,233 

11 

sat 

12,817 

16,000 

8:333 

2.68 

4a  34 

45.59 

13!  07 

:93 

12:599 

fl;»B9     12 

943 

7: 191 

14:889 

8,272 

16 

63t 

e.02 

8,904  :  13 

15.016 

48.00 

12:332 

a:8S4  1  1: 

15,016 

6        640 

2.93 

38.82 

11!  28 

12,800 

148 

14:929 

8:294 

167 

39.30 

11.97 

.88 

5« 

3.32 

39.49 

11:497 

7:181 

14:959 

8:311 

S.67 

40.40 

12  212 

948 

7,192 

i4:9Gi 

8,312 

2.29 

3«:43 

48.84 

14:73 

i»:4»s 

6:943     12 

7:106 

10 

37.87 

62.17 

489 

8:323 

541 

12:042 

4:944 

8,302 

34 

BS.49 

13:08 

:65 

12,341 

6;8S6 

; 

028 

7;  338 

8^337 

43 

64) 

J.12 

37.52 

12,237 

6,7B8 

4  8™ 

8,288 

19 

641 

13,298 

li 

715^ 

4;95S 

8,308 

3.18 

40.  no 

6a  33 

9.87 

.72 

13,076 

7.264 

1; 

505 

7.503 

14,951 

8,308 

11 

651 

36.13 

11:39 

13,333 

889 

65! 

12V89 

15:3,50 

8:528 

653 

2.80 

3S.41 

S3. 20 

" 

.93 

13;  264 

7389 

13 

646 

7.681 

15.372 

b:640 

13 

554 

. 

8* 

25 

,. 

» 

.1.70 

.«. 

13,091 

7.373 

13 

815 

7.564 

15,419 

8,568 

655 
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Table  2. — CoclU  analyzed  for  the  UfUtsd  States 
UNITBD  STATES  COALS— Continued. 


Where  mined. 


State,  county,  and 
town. 


West  Viboinia. 

fatbtte  county. 

Cann^ton 

Dubreeand  Sun. . 

Do 

Do 

Do 

Dun  Loop,  Pru- 
dence, and  Scar- 
bro. 

Elk  Ridge 

Do 

Elk  Ridge,  MU- 
burn,  and  Eagle. 

Harewood 

Do 

Lavland  and  Min- 
oen. 

Do 

Do 

Do 

Long  Branch 

McDonald  and 
Olen  Jean. 

Milbum 

Hinden 

Prudence 

Do 

Do 

Do 

Do 

Do 

Red  Star 

Do 

Do 

Do 

Do 

Do 

Smithers 


Do. 
Do. 
Do. 
Do. 


HARBISON  COUNTY. 


If  ount  Clare. 

Do 

Wilsonburg. 


KANAWHA  COUNTY 

Acme,  Decota, 

and  Kavford. 
Carbcmdale 


Deoota. 


Kayford,  Lee- 
wood,  and  We- 
vaoo. 

Do 

Do 


IClne. 


Cannelton 

Rothwell  and  Sun. 

do 

do 

do 

Dun  Loop,  Pru- 
dence, and  Scar- 
bro. 

Elk  Ridge 

do 

Elk  Ridge,-  Mil- 
bum,  and  St. 
Clair. 

Harewood 

do 

Lavland  and  Min- 
oen. 

do 

do 

do 

Long  Branch 

McDonald  and 
Collhis. 

Milbum 

Minden 

Prudence 

do 


do... 

do.., 

do... 

do.., 

Star 

do... 

do... 

do... 

do... 

do... 

Oakland . 


.do. 
.do. 
.do. 
.do. 


Hutchinson. 

do 

MUler 


Various  mines. 
No.  112 


North  Cabin . 


Kayford,  Thistle, 
Holly,  United, 
and  Raccoon. 

....do 

....do , 


Bed. 


Sewell. 

do. 

....do. 

do. 

....do. 


Powelton 

do 

Powelton  and 
No.  5. 


No.  2,  gas 

do , 

Fire  Creek 
and  Sewell. 

do 

do 

do 

No.  2,  gas 

Sewell 


Commercial  name 
ofooal. 


New  River. 

....do 

do 

do 

do 


Kanawha  gas. 

do 

Cando  gas 


No.  2,  gas... 

do 

New  River. . 


Eagle. 
Sewell. 
do. 


do 

.....do 

do 

do 

do 

....do 

do 

do 

do 

do 

do 

Eagle,  Nos.  1 
and  2. 

do 

do 

do 

do 


Pittsburgh. 

do 

do 


No.  2,  gas  and 

Coalburg. 
No.  2,  gas 


.do. 


No.  2,  gas  and 
Coalburg. 


.do. 
.do. 


do 

do 

do 

Long  Branch 

New  River  smoke- 
less. 

Milbum  gas 

New  River 

do 

do 

do 

do 


Site  of  coal. 


Run  of  mine.. 

do 

Nut  and  slack. 
Run  of  mine.. 

do 

do 


.do. 
.do. 
.do. 


....do. 
...do. 
...do. 


do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

Richwood. 


.do. 
.do. 
.do. 
.do. 


Fairmont, 


Acme  splint. 


Smithers  Creek 
^gas. 
Kanawha,  No.  2, 

gas. 
Cabin  Creek  gas... 


.do. 
.do. 


.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 


Tons 
deliv- 
ered. 


Lump 

Nut,pea,  and  slack 
Lump,  over  }-inch 
screen. 


Nut,  pea ,  and  slack 

Lump,  over  |-incfa 

screen. 
Run  of  mine 


.do. 


.do. . . , 
.do... 


I  «  •  •  • 


1,974 
6,lfiO 
2,178 
2,455 
20 
1,007 


1,552 

197 

25,600 


178 
1,461 
1,077 

5,691 

105 

265 

2,330 

7,017 

13,632 
193 
2,312 
4,850 
1,645 
360 
3,020 
7,804 
5,700 
9,300 
3,214 

12,198 
6,400 
3,011 
1,189 

1,971 

216 

1,793 

1,641 


171 

9S8 
1,347 


9,898 

2,451 

463 

19,929 


1,227 
21,311 


TABULATED  ANALYSES,   WEST  VIRGINIA. 


43 


Oovemtnent  during  the  fiscal  years  1908-1915 — Continued. 

UNITED  STATES  COALS— Continued. 


Proximate  analysis. 

Calorific  valne 

,  per  pound. 

Num- 
ber of 
analy- 
ses 
aver- 
aged. 

• 

As  re- 
ceived. 

Dry  coal. 

As  received. 

Dry  coal. 

Moisture  free 
and  ash  free. 

Index 
num- 

Mots- 

Volatfle 

Fixed 

Ash, 

per 

oent. 

Sul- 

ber. 

ture, 
per 

matter, 
per 

carbon, 
per 

phur, 
per 

B.t.n. 

Oalo- 
lies. 

B.t.n. 

Calo- 
ries. 

B.t.u. 

Calo- 
ries. 

cent. 

oent. 

cent. 

cent. 

, 

7 

8 

• 

10 

11 

U 

18 

14 

U 

11 

17 

18 

19 

4.62 

84.12 

56.28 

9.60 

1.40 

13,028 

7,238 

13,660 

7,588 

15,110 

8.894 

21 

566 

2.56 

6.82 

14,240 

7,911 

14,614 

8,119 

15,600 

8.667 

68 

557 

2.84 

6.90 

14,146 

7,859 

14,559 

8,088 

15,638 

8,688 

SO 

558 

2.24 

'*2i*35" 

"7i"i9" 

6.46 

*".'96" 

14,293 

7,941 

14,620 

8,122 

15,630 

8,688 

19 

559 

1.50 

21.23 

72.07 

6.70 

1.14 

14,317 

7,954 

14,535 

8,075 

15,579 

8,655 

8 

560 

2.04 

18.14 

75.70 

6.16 

.72 

14,406 

8,004 

14,708 

8,171 

15,673 

8,707 

18 

561 

8.18 

31.57 

01.86 

7.07 

.95 

13,849 

7,094 

14,804 

7,947 

15.392 

8,551 

12 

562 

8.19 

31.21 

61.91 

6.88 

1.01 

13,848 

7,608 

14,304 

7,947 

15,361 

8,534 

10 

568 

2.55 

32.49 

59.33 

&18 

.88 

13,702 

7,612 

14,061 

7,812 

15,314 

8,508 

146 

564 

2.06 

84.29 

58.72 

6.90 

1.29 

13,811 

7,673 

14,282 

7,907 

15,302 

8,501 

12 

565 

8.01 

33.70 

50.29 

7.01 

1.36 

13.845 

7,602 

14,275 

7,981 

15,351 

8,528 

19 

566 

.3.96 

20.74 

72.93 

6.33 

.79 

14.026 

7,792 

14,604 

8,113 

15,^91 

8,662 

12 

567 

1.32 

23.73 

70.99 

5.28 

.92 

14,577 

8,098 

14,772 

8,207 

15,505 

8,664 

7 

568 

4.53 

21.30 

73.03 

5,67 

.72 

14,034 

7,797 

14,700 

8,167 

15.584 

8,658 

3 

560 

1.35 

20.35 

72.87 

6.78 

.84 

14,352 

7,973 

14,548 

8,082 

15,606 

8,670 

6 

570 

2.88 

27.43 

65.  n 

6.80 

.87 

n4,067 

7,815 

14,484 

8,047 

15,541 
151571 

8,634 

16 

571 

3.81 

19.90 

72.92 

7.18 

.89 

13,902 

7,723 

14,453 

8,029 

8,651 

22 

572 

2.39 

32. 8« 

6a  74 

6.42 

.96 

14,023 

7,791 

14,366 

7,981 

15,352 

8,529 

33 

573 

2.64 

21.86 

72.00 

6.14 

.91 

14,162 

7,868 

14,546 

8,081 

15,498 

8,610 

5 

574 

1.97 

22. 8« 

70.86 

6.31 

.92 

14,351 

7,973 

14,639 

8,133 

15,625 

8,681 

^     11 

575 

2.63 

24.30 

60.03 

6.67 

.99 

14,182 

7,879 

14,568 

8,092 

15.606 

8,670 

23 

576 

2.31 

23.66 

68.90 

7.44 

l.U 

14,098 

7,832 

14,431 

8,017 

15.501 

8.662 

14 

577 

2.27 

28.38 

60.22 

7.40 

LIO 

14,132 

7,851 

14,460 

8,033 

15,616 

8,676 

10 

578 

i.28 

23.96 

69.97 

6.07 

1.09 

14,459 

8,033 

14,646 

8,137 

15,502. 

8,662 

16 

579 

2.23 

24.02 

69.11 

6.87 

1.02 

14,212 

7,806 

14,536 

8,076- 

15,608 

8,671 

31 

580 

2.02 

24.53 

69.85 

5.62 

.78 

14,431 

8,017 

14,729 

8,183 

15,606 

8,670 

33 

581 

1.75 

24.88 

60.18 

5.94 

.79 

14,404 

8,002 

14,661 

8,145 

15,587 

8,650 

34 

582 

2.09 

24.24 

69.74 

6.02 

.85 

14,356 

7,976 

14,662 

8,146 

15,601 

8,667 

17 

583 

2.05 

24.35 

70.12 

5.53 

.86 

14,401 

8,001 

14,702 

8,168 

15,563 

8,646 

49 

584 

2.29 

24.16 

70.38 

5.46 

.91 

14,391 

7,995 

14,728 

8,182 

15.579 

8,655 

26 

585 

2.12 

23.79 

70.27 

5.94 

.92 

14,318 

7,954 

14,628 

8,127 

15,552 

8,640 

17 

586 

3.66 

9.07 

13,440 

7,467 
7,528 

13,951 
13,808 

7,761 
7,718 

15,343 
15,306 

8,524 
8,503 

12 

587 

2.46 

31.50 

59.27 

9.23 

1.24 

13,551 

23 

588 

2.95 

30.32 

60.38 

9.30 

1.14 

13,490 

7,499 

13,909 

7,727 

15,335 

8,519 

13 

580 

8.28 

34.81 

56.13 

9.06 

1.35 

13,377 

7,432 

13,831 

7,684 

15,209 

8,449 

20 

590 

2.40 

84.41 

56.62 

8.97 

L34 

13,522 

7,512 

13,854 

7,697 

15,219 

8,455' 

19 

501 

1.68 

39.53 

53.74 

6.78 

1.81 

13,963 

7,757 

14,202 

7,890 

15,227 

8,459 

4 

592 

3.51 

35.17 

62.79 

12.04 

.76 

12,739 

7,077 

13,202 

7,334 

15,009 

8,338 

23 

503 

2.77 

42.02 

40.90 

8.08 

8.46 

13.447 

7,471 

13,830 

7,683 

15,046 

8,350 

25 

504 

3.23 

33.12 

55.89 

10.99 

.79 

13,064 

7,258 

13,500 

7,500 

15,167 

8,426 

24 

595 

L63 

36.80 

57.41 

5.79 

1.05 

14,206 

7,892 

14,441 

8,023 

15,329 

8,516 

27 

506 

2.92 

84.41 

56.91 

a68 

L92 

13,526 

7,515 

18,933 

7,741 

15,257 

8,476 

18 

507 

1.96 

_84.41 

56.35 

9.24 

L40 

13,576 

7,542 

18,846 

7,692 

15,256 

8,476 

61 

598 

1.67 

35.21 

55.96 

8.88 

1.52 

13,680 

7,606 

13,921 

7,734 

15,269 

8,483 

10 

509 

1.88 

38.96 

57.08 

9.02 

1.42 

18,608 

7,557 

18,864 

7,702 

15,239 

8,466 

25 

000 
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Table  2. — Coals  analyzed  for  the  United  State* 
Ul^ITBD  STATES  COALS— Continued. 


Where  mined. 


State,  county,  and 
town. 


West  VmoroA— 
Continued. 

KANAWHA  COUN- 
TY—continued. 

Latngand  Giles... 


Do. 
Lalng.. 


Po 

Queen  Shoals. 
Sharon 


MCDOWELL 
COUNTY. 


Davy, 


Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Elkhom. 


Mine. 


Berlin  and  Oak- 
ley. 

do 

Berlin 


do 

Queen  Shoals. 
Horton 


Hemphill. 
Jed.. 


Jed  and  Leckie. 

Landgraf 

Leckie 

I&ybeury 


Do. 

Do. 

Welch., 


Crozer. 


Oregon. 
Jed 


Jed  and  Leckie 

Empire 

LecKie 

Norfolk  and  Sha- 
mokin. 

do 

Pocahontas  smoke- 
less. 


MARION  COUNTY* 


MERCEB  COUNTY. 

McComas 

Springton 

MINERAL  COUNTY. 

Blaine 


Do. 

Do. 

Keyser. 


MINGO  COUNTY. 

Chattaroy 


Consolidation , 
do 


Pinnacle  and 

Crane  Creek. 
Spring 


Blaine. 


....do 

do 

New  Creek. 


Bnilalo. 


Bed. 


No.  2,015  and 
Lewtston. 

do 

No.  2,  gas 


Commercial  name 
of  coal. 


Kanawha  gas. 


do.... 

No.  5 

Coalburg. 


Sewell  ("I>a> 

vy"). 
do , 


do 

do 

do 

do 

do 

do 

Pocahontas, 

No.  3. 

Welch 

Pocahontas, 

No.  3. 

.....do 

....do...: 

do 

do 


do 

Kanawha,  No.  2, 
gas. 

do 

Queen  Shoals 

Kanawha 


SizeofcoaL 


Tons 
dellv. 


Run  of  mine '    1,378 


Pocahontas. 


.do., 
.do., 
.do., 
.dot. 
.do., 
.do., 
.do., 
.do.. 


.....do.. 

do.. 

Welch.. 


Pocahontas, 
No.  3. 

do 

do 

do 


-do. 
.do. 


.do., 
.do., 
.do., 
.do.. 


.do. 
.do. 
.do. 


Pittsburgh. 
do , 


Pocahontas, 

No.  3. 
do 


B    or    Lower 
Kittanning. 

do 

do 

do 


Wlnifrede. 


.do. 

.do. 
.do. 
.do. 


Fairmont,  gas. 
do 


Pocahontas . 


.do. 


Blaine. 


do.. 

do.. 

Peerless. 


Buffalo  white  ash. 


-do lea 

.do 23,540 


do 

Nut,  pea,  and  slack 
do 


Run  of  mine . 


.do. 
:do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 


.do. 
.do. 
.do. 
.do. 


. .  .do. 
...do. 
...do. 


.do. 


.do. 
.do. 
.do. 


Run  of  mine 

Lump,    over    1)- 
incn  screen. 


Lump,   over   1}- 

Inch  scrton. 
do 


Lump,   over   1^ 
inch  screen. 

do 

do 

Slack 


Nut,  pea,  and  slack    6, 036 


947 
4,014 
7,384 


1,807 

1,330 
901 
4,260 
3,230 
2,S75 
1,683 
1,444 
1,186 

1,700 
654 

2,540 

1,018 
2,139 
1,181 

1,069 

283 

18,143 

2,408 

2,387 
619 
336 


8,g07 
3.356 


2,137 
545 


1,421 
1,980 
1,260 
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Government  during  the  fiscal  years  1908-1915 — Continued. 

UNITED  STATES  COALS— Continued. 


Proximate  analysis. 

Calorific  value,  per  pound. 

■ 

Num- 
ber of 
analy- 

aver- 
aged. 

As  re- 
ceived. 

Dry  coal. 

As  received. 

Dry  coal. 

Moisture  free 
and  ash  free. 

Index 
num- 

Mois- 
ture, 
per 
cent. 

Volatile 

matter, 

per 

cent. 

Fixed 

carbon, 

per 

cent. 

Ash, 

per 

cent. 

Sul. 
phur, 

per 
cent. 

B.t.u. 

Calo- 
ries. 

B.t.u. 

Calo- 
ries. 

B.tu. 

Calo- 
ries. 

ber. 

7 

8 

9 

10 

11 

U 

13 

14 

15 

16 

17 

18 

19 

2.84 

33.18 

59.45 

7.37 

1.71 

13,858 

7,609 

14,263 

7,924 

15,398 

8,554 

16 

601 

3.14 
2.71 

33.88 
35.21 

57.16 
56.12 

8.96 
8.67 

2.44 
1.68 

13,422 
13,574 

7,457 
7,541 

13,867 
13,952 

7,698 
7,761 

15,221 
15,276 

8,456 
8,487 

4 

96 

602 
603 

2.39 
3.53 
4.27 

36.03 
83.61 
34.35 

55.70 
55.44 
53.61 

8.27 
10.95 
12.04 

1.57 
1.27 
1.08 

13.653 
13,000 
12,611 

7,585 
7,222 
7,006 

13,987 
13,476 
13,174 

7,771 
7,487 
7,319 

15,248 
15,133 
14,977 

8,471 
8,407 
8,321 

15 
31 
30 

604 
605 
606 

3.64 

19.37 

73.23 

7.40 

.73 

13,943 

7,746 

14,470 

8,039 

15,626 

8,681 

64 

607 

3.62 
3.61 
2.10 
1.74 
2.17 
4.01 
2.99 
L91 

19.52 
19.66 
18.35 
19.07 
19.27 
18w66 
17.65 
19.15 

73.24 
73.36 
74.57 
74.57 
75.56 
74.32 
75.97 
74.67 

7.24 
6.98 
7.08 
6.36 
5.17 
7.02 
6.38 
6.18 

.67 
.68 
.62 
.59 
.63 
.59 
.64 
.72 

13,948 
U,028 
14,239 
14.459 
14,580 
13,957 
14,192 
14,463 

7,749 
7,793 
7,911 
8,033 
8.100 
7,754 
7,884 
8,035 

14,472 
14,553 
14,544 
14,715 
14,903 
14.540 
14.629 
14,745 

8,040 
8,085 
8,080 
8.175 
8,279 
8.078 
8,127 
8,192 

15,602 
15,645 
15,652 
15,714 
15,715 
15.638 
15.626 
15,716 

8,668 
8,692 
8,696 
8,730 
8,731 
8.688 
8,681 
8,731 

11 
35 
10 
17 
47 
10 
14 
9 

608 
609 
610 
611 
612 
613 
614 
615 

2.36 
5.12 

19.01 
19.16 

73.44 
74.00 

7.55 
6.84 

.83 
.91 

14,136 
13.702 

7,853 
7,612 

14,478 
14,441 

8,043 
8,023 

15,660 
15,501 

8.700 
8,612 

23 
33 

616 
617 

3.26 
2.87 
3.28 
4.39 

17.89 
17.74 
19.29 
18w83 

76.51 
75.48 
74.10 
73.93 

5.60 
6.78 
6.61 
;.24 

.78 

.65 

.68 

1.03 

14,348 
14,251 
14. 172 
13,912 

7,971 
7,917 
7,873 
7,729 

14,831 
14,672 
14,653 
14,551 

8,239 
8,151 
8, 141 
8,084 

15,711 
15,739 
15.690 
15,687 

8,728 
8,744 
8,717 
8,715 

26 
17 
18 
82 

618 
619 
620 
621 

2.66 
2.63 
2.27 

19.81 
19.70 
18.37 

73.21 
72.63 
73.24 

6.98 
7.67 
8.39 

.84 

1.33 

.83 

14,176 
13,976 
13,987 

7,876 
7.764 
7,771 

14.563 
14;353 
14,312 

8,091 
7.974 
7,951 

15,666 
15,545 
15,623 

8,698 
8,636 
8,679 

38 

3 

176 

622 

623 
624 

2.86 

19.87 

74.41 

5.72 

.68 

14,356 

7,976 

14,779 

8,211 

15,676 

8,709 

46 

625 

2.62 
2.44 
2.06 

18.23 
17.93 
18.02 

75.34 
75.89 
74.98 

6.43 
6.18 
7.00 

.63 
.62 
.66 

14,278 
14,320 
14,258 

7,932 
7,956 
7,921 

14.662 
14,678 
14,558 

8,146 
8,154 
8,088 

16,670 
15.645 
15,654 

8.706 
8.692 
8,697 

24 

16 
5 

626 

627 
628 

2.37 
1.95 

37.06 
37.31 

54.67 
55.87 

8.27 
6.82 

1.35 
.87 

13,547 
13,816 

7,526 
7,676 

13,876 
14,091 

7,709 
7,828 

15.127 
15,122 

8,404 
8.401 

19 
11 

629 
630 

2.39 

18.38 

74.80 

6.82 

.60 

14.292 

7.940 

14,642 

8,134 

15,714 

8,730 

22 

6  1 

3.45 

17.71 

75.03 

7.26 

.92 

14,048 

7,804 

14,550 

8,083 

15,689 

8,716 

8 

632 

3.17 

15.92 

74.63 

9.45 

1.81 

13,748 

7,638 

14,198 

7,888 

15,680 

8,711 

33 

633 

2.34 
2.09 
Z71 

14.93 
15.72 
16.85 

72.28 
68.18 
68.89 

12.81 
16.10 
14.26 

1.73 
1.81 
2.21 

13,256 
12,676 
12,918 

7,364 
7,042 
7;  177 

13,574 
12,947 
13,278 

7,541 
7,193 
7,377 

15,568 
15,431 
15,486 

8,649 
8,573 
8,603 

23 
16 
24 

631 
635 
636 

4.75 

34.37 

52.31 

13.32 

.99 

12,315 

6,842 

12,929 

7,183 

14,916 

8,287 

39 

637 
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Table  2. — Coals  analyzed  far  the  United  State* 

UNITBD  STATES  COALS-Oontlnved. 


Where  minad. 


State,  oounty,  and 
town. 


West  VraoiNiA— 
Continued. 

« 

RALEIOH  COITNTV. 


Glen  White. 

Do 

Do 


Olen  White  (near). 


Do. 
Do. 


Hlne. 


Olen  White. 
....do 


Sprague.. 


Do.... 

Stanaford. 


Do. 
Do. 
Do. 
Do. 
Do. 


RANDOLPH  COUMTT, 

Weaver 


TUCKER  COUNTT. 

Albert 

Coketon 

Thomas 


Olen  White  and 

AiB^tv. 
Olen  White  and 

Stotesbury. 
Olen  White,  Gulf, 

Stotesbury.Pem- 

berton,  and  Big 

SUck. 
Cranberry 


....do. 
Piney. 


.....do 

do 

do 

do 

do 

(Varlooa  mines). 


Weaver, 


Do. 

Do. 
Do. 
Do, 


RALEIOH  AND  FAY- 
ETTE COUNTIES. 


Douglas. 

Davis 

Thomas  mines. 


No.  Zi  and  Nos. 
36to4L 

do 

No.  37 

do 


(Various  mines), 
.do. 


.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 

.do. 
.do. 


Bed. 


Beckley. 
....do.. 
....do.. 
....do.. 
....do.. 


.do. 
.do. 


Sewell, 


do 

Sewell      and 

Beckley. 
do 


Commefcial  name 
ofooal. 


New  River. 

do 

do 

do 

do 


.do. 
.do. 

.do. 


.do. 
.do. 
.do. 
.do. 


Lower      Kit- 
tanning. 


Lower  Kit- 
tanning. 

Upper  Klttan- 
ning. 

Freeport  and 
Lower  Kit- 
tanning. 

Lower  Kit- 
tanning. 

do 

do 

do 


Sewell 

do 

....do , 

do 

Sewell  and 

Beckley. 
Sewell 


.do. 
.do. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Beaver  Creek. 


Douglas. 
Davis... 
Thomas. 


Davis. 


.do., 

.do. 

.do. 


New  River. 

....do 

....do 

do 

do 

....do 


Sewell 

Sewell  and 

Beckley. 

Sewell 

Sewell  and 

Beckley. 


.do. 
.do. 
.do. 
.do. 

.do. 
.do. 


SIzeofooaL 


Run  of  mine. 

>  •  •  •  aUV  •••••■< 

do 

.....do 

do 


.do. 
.do. 


Crashed  to  pass 
through  2-mdi 
screen. 

do 

Runofmhie 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Run  of  mine. 

Run  of  mine. 

....do 

.....do 


.do. 

.do. 
.do. 
.do. 


Run  of  mine. 

....do 

....do 

....do 

....do 

....do 


.do. 
.do. 
.do. 
.do. 

.do. 
.do. 


Tons 
dellT- 


1,600 

4,  Ma 

4,035 

10,589 

4,450 

9,a02 

20,060 


20,809 


26,406 
2,061 

7,003 
2,001 
1,560 
2,.270 
815 
1,375 


2,876 

00« 

1,472 

79,246 

15,280 

924 

1,645 
2,579 


10,712 
379 
7,447 
1,577 
1,933 
1,660 

410 
1,684 
1,426 
9,887 

1,082 
9,373 
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Chvemment  during  the  ftscal  years  1908-1915— Continued, 

UNITED  STATES  COALS — Continued. 


ProzJmate  analysis. 


Asre- 
oaived. 


Mois- 
ture, 
per 
oent. 


Volatile 
matter, 

cent. 


3.06 
3.26 
8.00 
3.04 
3.07 

3.04 

2.46 


2.08 


Z56 
2.50 

2.68 
160 
Z60 
2.43 
100 
2.73 


1.81 

2.87 
3.86 
3.37 

3.57 

4.00 
8.18 
2.77 


2.02 
2.72 
2.77 
a.  10 
2.80 
2.76 

8.10 
2.27 
8.16 
2.35 

2.00 
8.40 


Dryooal. 


10.53 
18.17 
18.01 
18.08 
17.65 

18.43 

18.46 


21.32 


22.26 
21.11 

2a  17 


Fixed 
carbon, 
per 
cent. 


10.04 


21.61 
2a  32 


28.77 


21.47 
17.30 


23.70 
22.07 
24.20 


22.00 
20.  Off 
21.44 
21.18 
20.65 
21.52 

20.64 
20.81 
21.74 
22.61 

21.13 
21.07 


74.08 
74.08 
74.08 
75.78 
75.34 

75.76 

74.75 


74.38 


72.72 
73.54 

73.52 


Ash, 

per 

cent. 


73.50 


72L45 
73.53 


58.72 


70.01 
72.47 


67.06 
70.06 
66.52 


72.48 
73.43 
72.68 
72.06 
72.03 
72.47 

73.60 
72.70 
71.60 
71.56 

72.30 
72.40 


10 


a30 

7.75 
7.01 

a  14 

7.11 
5.81 

aTo 


4.80 


5.02 
5.35 

a  34 
a22 
a  53 

a  67 

5.04 

ai5 


12L51 

7.51 

8.52 

10.14 

0.18 

0.24 
7.87 
0.10 


5.43 
5.61 
6.88 
5.84 
a  52 
6.01 

6.76 
a  40 
a  57 
5.83 

6.48 
6.44 


Sul- 
phur, 

per 
cent. 


11 


a  07 

.63 
.60 
.84 
.75 

.00 
.68 


.73 


.82 

.76 

.05 


Calorific  value,  per  pound. 


As  received. 


,06 


79 
.68 


1.20* 


LOS 
L02 


1.18 
1.04 
MO 


70 
,89 
,90 
,84 
.87 
,76 

.90 
.89 
.85 
.82 

.87 
.90 


B.t.u. 


IS 


14,060 
13,967 
14,078 
14,241 
14,118 

14,258 

14,100 


14,585 


14,504 
14,532 

14,264 
14.302 
14,291 
14,209 
14,416 
14,255 


13,030 

14,024 
13,688 
13,446 

13,666 

13,548 
13,925 
13,747 


14,390 
14,381 
14,347 
14,285 
14,197 
14,291 

14,317 
14,301 
14.118 
14,357 

14, 157 
14,097 


Calo-- 
ries. 


18 


7,806 
7,769 
7,821 
7,912 
7,843 

7,921 

7,867 


8,103 


8,068 
8,073 

7,924 
7,946 
7,939 
7,927 
8,009 
7,919 


7,239 

7,791 
7,604 
7,470 

7,592 

7.524 
7,736 
7,637 


If  WJ4 
7,989 
7,971 
7.936 
7,887 
7,939 

7,954 
7,945 
7,843 
7,976 

7,865 
7,832 


Dryooal. 


B.t.u. 


14 


14,629 
14,438 
14,513 
14,688 
14,565 

14,705 

14,517 


15,033 


14.884 
14,905 

14.657 
14,697 
14.657 
14,624 
14,724 
14,655 


13,270 

14,438 
14,238 
13,015 

14,172 

14,121 
14,382 
14,139 


14,823 
14,783 
14,756 
14,742 
14,606 
14,097 

14,789 
14.633 
14,579 
14,703 

14,593 
14,607 


Calo- 
rles. 


15 


8,127 
8,021 
8,063 
8,160 
8,002 

8,109 

8^065 


8,352 


8,269 
8,281 

8,143 
8,165 
8,143 
8,124 
8,180 
8,142 


7,372 

8,021 
7,910 
7,731 

7,873 

7.845 
7.990 
7,855 


8,235 
8,213 
8,198 
8,190 
8,114 
8,165 

8,216 
8,129 
8,099 
8,168 

8,107 
8,115 


Moisture  free 
and  ash  free. 


B.t.Q. 


II 


15,628 
15,651 
15,607 
15,649 
15,680 

15,612 

15,575 


15,706 


15,671 
15,747 

15.649 
15,672 
15,681 
15,669 
15,654 
15,615 


15,167 

15,610 
15,564 
15,485 

15,604 

15.559 
15.611 
15,570 


15.674 
15,662 
15. 678 
15,656 
15,625 
15,637 

15,693 
15,634 
15,604 
15,613 

15,604 
15,612 


Calo* 
ries. 


17 


8,682 
8,605 
8,671 
8, 694 
8,711 

8,673 

8,653 


8,727 


8,706 
8,749 

8,094 
8.707 
8,712 
8,705 
8,697 
8,675 


8.426 

8,672 
8,647 
8,603 

8,669 

8,644 
8,673 
8,650 


8,708 
8,701 
8,710 
8,608 
8.681 
8,687 

8,718 
8,686 
8,669 
8,674 

8,609 
8,678 


Num- 
ber of 
analy- 
ses 
aver- 
aged. 


18 


Index 
num- 
ber. 


26 
36 
15 
46 
41 

47 

117 


51 


119 
20 

70 
44 
41 
23 
7 
21 


13 

17 

20 

673 

00 

27 
60 
67 


51 
16 
106 
37 
83 
32 

13 
27 
56 
36 

41 
40 


19 


638 
639 
640 
641 
612 

643 

644 


645 


646 
647 

648 
649 
650 
651 
652 
653 


654 

655 
656 

657 

658 

650 
660 
661 


662 
663 
664 
665 
666 
667 

668 
660 
670 
671 

672 
673 


52773°— 16- 
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Tabus  2. — Coals  analyzed  for  the  United  States 
UNITED  STATES  COALS—Contlnued, 


Where  mined. 


State,  ooimty,  and 
town. 


WB8T  VniOINlA— 

Continued. 

&ALEIOB  AND  FAY- 
ETTE COUNTIES— 

ocmtlnued. 


VIHA 


West  Virginia 
AND  Virginia. 

MCDOWELL,  MER- 
CER, AND  TAZE- 
WELL COUNTIES. 


(Various  mines) 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Bed. 


Sewell,  Beck- 
ley,  and  Fire 
Creek. 

Sewell 


(Various  mines). 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


do , 

....do 

....do 

do 

do 

Seweii  and 
Fire  Creek. 
Sewell 


Commercial  name 
of  coal. 


New  River 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Pocahontas, 

No.  3. 
do 


.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


....do 

do 

do 

....do 

do 

Pocahontas, 

No.  3,  and 

Sewell. 

....do 

do 

Pocahontas, 

No.  3. 
do 


.do. 
.do. 
.do. 
.do- 
.do. 
.do. 
.do. 
.do. 


Pocahontas. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Bixe  of  ooal. 


Run  of  mine. 


Nut  and  slack. 
Run  of  mine., 
do. 


.do. 
.do, 
.do. 
.do. 

.do. 
.do. 
-do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Run  of  mine, 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Pocahontas, 
No8.3and4, 
and  Sewell. 


.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


do 

Screenings . . 
Run  of  mine. 


.do. 
.do. 
.do, 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Tons 
deliv- 
ered. 


1,163 


2,000 
1,439 
2.816 
8,850 
1,767 
1,800 
2,018 

30,624 

115.871 

115,430 

89,431 

190,975 

50,113 

04, 990 

87,333 


1,306 

2,410 
2,107 

16,153 
2,497 
1,585 
8,270 

20.264 


2,251 
7.204 
2,236 

1,078 

10,080 

181.494 

407,376 

38.915 

66,360 

223,966 

266,721 

328,987 

322.756 

1691729 

33.5,402 
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Oovemment  during  the  fUcal  years  1908-1915 — Continued. 

UNITED  STATES  COALS— Continued. 


Proximate  analysis. 

• 
Calorific  value,  per  pound. 

Num- 
ber Of 
analy- 

IIAfl 

As  re- 
ceived. 

Dry  coal. 

As  received. 

Dry  coal. 

Moisture  free 
and  ash  /ree. 

Index 
num- 

DvD 

aver- 

ber. 

Mois- 

VolatUe 

Fixed 

Ash, 

per 

cent. 

Sul- 

aged. 

ture, 
per 

matter, 
per 

carbon, 
per 

phur, 
per 

B.t.u. 

Calo- 
ries. 

B.  t.  u. 

Calo- 
ries. 

B.t.u. 

Calo- 
ries. 

cent. 

cent. 

cent. 

cent. 

7 

8 

9 

10 

11 

U 

13 

14 

15 

16 

17 

18 

19 

2.09 

19.50 

74.18 

6.32 

065 

14,353 

7,974 

14,659 

8,144 

15,648 

8,603 

13 

674 

2.78 

23.00 

70.81 

6.13 

.93 

14,246 

7,914 

14,653 

8,141 

15,610 

8,672 

16 

676 

2.24 

22.10 

71.79 

6.11 

1.00 

14,362 

7,973 

14,691 

8,162 

15,647 

8,693 

8 

676 

1.93 

22.75 

71.36 

6.89 

.90 

14,433 

8,018 

14,717 

8,176 

15,638 

8,688 

10 

677 

1.21 

22.48 

71.74 

5.78 

.95 

14,543 

8,079 

14,721 

8,178 

15,624 

8,680 

16 

678 

2.43 

22.33 

71.56 

6.11 

.92 

14,280 

7,933 

14,636 

8,131 

15,588 

8,660 

8 

679 

3.33 

23.56 

70.03 

6.41 

.76 

14,049 

7,805 

14,533 

8,074 

15,528 

8,627 

0 

680 

2.08 

22.32 

71.36 

6.32 

.86 

14,294 

7,941 

14,598 

8,110 

15,583 

8,657 

40 

689 

2.46 

22.04 

73.22 

4.74 

.84 

14,529 

8.072 

14,895 

8,275 

15,636 

8,687 

135 

682 

2.77 

4.84 

14,570 

8,094 

14,985 

8,325 

15,747 
15, 712 

8,748 
8,729 

60 

683 

3.10 

"16.63" 

"re."  82* 

4.55 

'".■58" 

14.532 

8,073 

14.997 

8,3,32 

236 

684 

2.70 

16.61 

78.32 

5.07 

.66 

14,517 

8,065 

14.920 

8,289 

15,717 

8,732 

205 

685 

2,73 

20.79 

73.96 

5.25 

.84 

14,458 

8,032 

14,864 

8,2,58 

15,688 

8,716 

342 

686 

2.55 

20.95 

73.16 

5.89 

.81 

14,377 

7,987 

14,753 

8,196 

15, 676 

8,709 

46 

687 

2.60 

19.80 

74.66 

5.54 

.92 

14,405 

8,003 

14,803 

8,224 

15. 671 

8.706 

72 

688 

2.25 

19.67 

74.09 

6.34 

.84 

14,344 

7,969 

14,674 

8,152 

15,667 

8,704 

05 

680 

2.62 

20.53 

74.35 

5.12 

.88 

14,478 

8,043 

14,868 

8,260 

15,670 

8,706 

24 

690 

2.66 

19.45 

75.06 

5.49 

.71 

14,472 

8,040 

14,867 

8,259 

15,731 

8,730 

49 

691 

2.86 

20.75 

73.34 

5.91 

.67 

14,378 

7,988 

14,801 

8,223 

15,731 

8,739 

46 

692 

1.92 

21.36 

72.07 

6.57 

.56 

14,401 

8,001 

14,683 

8,157 

15,716 

8,731 

86 

693 

2.96 

20.67 

72.73 

6.60 

.64 

14,253 

7,918 

14,688 

8,160 

15,726 

8,737 

18 

094 

2.99 

20.45 

73.93 

5.62 

.64 

14,395 

7.997 

14,839 

8,244 

15,723 

8,736 

33 

695 

2.41 

20.53 

73.74 

5.73 

.54 

14,444 

8,024 

14,801 

8,223 

15,701 

8,723 

33 

696 

1.93 

18.76 

75.18 

6.07 

.85 

14,440 

8,022 

14,724 

8,180 

15,676 

8,709 

81 

697 

2.48 

18.60 

75.39 

5.92 

.82 

14,393 

7,996 

14,759 

8,199 

15,688 

8,716 

20 

608 

4.23 

18.24 

73.73 

8.03 

.70 

13,728 

7.627 

14.334 

7,963 

15,586 

8,659 

23 

699 

2.81 

19.67 

74.35 

5.98 

.57 

14,312 

7,951 

14,726 

8,181 

15,663 

8,702 

21 

700 

3.79 

20.58 

73.82 

5.60 

.68 

14,251 

7,917 

14,812 

8,229 

15,691 

8,717 

17 

701 

1.13 

20.09 

74.04 

5.87 

.66 

14,599 

8,111 

14,766 

8,203 

15,687 

8,715 

23 

703 

2.51 

5.97 

14,524 

8.069 

14,898 

8,277 

15,844 

8,802 
8,762 

45 

703 

2.63 

"is*  74' 

"'75.87' 

5.39 

"".66" 

14,529 

8,072 

14,921 

8,289 

15,771 

986 

704 

3.10 

16.70 

76.72 

6.58 

.74 

14,234 

7,908 

14,689 

8,161 

15,724 

8,736 

89 

705 

2.71 

17.01 

76.15 

6.84 

.55 

14.275 

7,931 

14.673 

8,152 

15,750 

8,750 

164 

706 

2.52 

16.48 

76.70 

6.82 

.60 

14,329 

7,961 

14,699 

8,166 

15,775 

8,764 

546 

707 

2.75 

17.88 

75.98 

6.14 

.65 

14,389 

7,994 

14,796 

8,220 

15,764 

8,758 

443 

708 

2.58 

18.57 

74.96 

6.47 

.62 

14,345 

7,969 

14,725 

8,181 

15,744 

8,747 

293 

709 

2.27 

19.91 

73.66 

6.43 

.69 

14,384 

7,991 

14,718 

8,177 

15,729 

8,738 

297 

710 

2.59 

19.74 

73.86 

6.41 

.57 

14,313 

7,952 

14,694 

8,163 

15,700 

8,722 

157 

711 

1.92 

17.95 

75.98 

6.07 

.76 

14,456 

8,031 

14,739 

8,188 

15,691 

8,717 

337 

712 
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Table  2. — Coals  analyzed  for  the  United  States 

UNITED  STATES  COALS-i-Conttnued.  ' 


Where  mined. 


StateyOoonty,  and 
town. 


WTOMmo. 
HOT  spRmas 

OOUMTT. 


Gebo 

UNOOLN  CX^UNTY. 

Sublet 


8BEBIDAN  COT7NTT. 


Acme 

CameyvlUe. 

Do..... 

Do..... 

Do 

Do 


Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Diets. ... 

Do.. 

Kooi.... 

Monarch. 


SWEETWATEB 
COUNTY. 


Rock  Springs. 
Do 


Mine. 


Owipreek. 


No.  6. 


Acme.. 
Carney. 

do. 

do. 

do. 

do. 


.do. 
.do. 


do. 

do. 

do. 

do. 

do. 

Model. 


Sheridan. 
No.  7.... 

Kooi 

No.l 


Blairtown. 
do.... 


Bed. 


Gebo. 


Willow  Creek. 


Monarch. 
Carney. . 

do.. . 

do... 

do... 

.....do... 


.do. 

.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Commercial  name 
of  coal. 


Owl  Creek, 


Kemnierer. 


SheTidan,No.2. 

do 

Monarch 

do 


No.l.. 
do. 


Acme.. 
Carney. 

do. 

do. 

do. 

do. 


.do. 

.do. 

.do. 
.do. 
.do. 
.do. 
.do. 


Sheridan. 

do... 

Kooi 

Monarch. 


Star  lamp. 
do.-.. 


Size  of  coal. 


Lump 

Run  of  mine . 


do. 

Lumi 


10 

do 

do 

Lump,    over    2^- 
inch  and  through 
4-lnch  screens. 

Lump,  over  »-lnch 
bar  screen^ 

Lump,  over  5-inch 
shaking  screen. 

do 

do 

do 

do 

Run  of  mine 

Lump,   over   11- 
inch  screen. 

Run  of  mine 

do 

Lump 

Run  of  mine 


Lump,  over  3-inch 

screen. 
do 


Tons 
deliv- 


1,727 


1,002 


1,803 
1,175 

3S8 
2,043 

966 
1,065 


1,742 

3,166 

1,630 
3,450 

474 
2,773 
1,788 

201 

887 

3,873 

444 

1,548 


3,260 
1,783 
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Chvemment  during  the  fiscal  years  1908-1915 — CJontinued. 

UNITED  STATES  COALS— Continued. 


Proximate  analysis. 


As  re- 
ceived. 


Mois- 
ture, 
per 
cent. 


14.71 


2.73 


23.15 
21.56 
21.02 
22.50 
21.80 
22.23 


21.93 

22.54 

22.66 
22.45 
19.00 
22.49 
22.50 
22.74 

19.33 
23.53 
22.20 
32.05 


7.90 
7.35 


Dry  coal. 


Volatile  Fixed 
matter,  carbon, 
per         per 
cent.  .  cent. 


44.19 


38.19 


47.91 
43.10 
44.86 
42.38 
44.73 
48.43 


45.67 

45.92 

44.93 
43.80 
45.10 
45.14 
43.76 
44.14 

40.45 
44.42 
52.52 
44.20 


43.56 
42.08 


51.14 


56.29 


46.74 
52.36 
50.67 
52.41 
50.51 
46.30 


40.40 

49.26 

49.80 
52.11 
50.70 
50.30 
45.15 
50.90 

45.36 
44.33 
41.88 
48.17 


52.55 
52.07 


Ash, 

per 

cent. 


10 


4.67 


5.52 


5.35 
4.54 
4.47 
5.21 
4.76 
5.27 


4.93 

4.82 

5.18 
4.09 
4.20 
4.56 
11.09 
4.96 

14.19 

11.25 

5.60 

7.63 


3.80 
5.85 


Sul- 
phur, 

per 
cent. 


11 


0.62 


.94 


.68 
.52 
.54 
.65 
.49 
.55 


.43 

.54 

.65 
.47 
.54 
.47 
.63 
.39 

1.32 
.81 
.53 
.76 


.85 
,93 


Calorific  value,  per  pound. 


As  received. 


B.t.u. 


U 


11,157 


13,418 


9,550 
9,710 
9,697 
9,544 
9,678 
9,579 


9,644 

9,669 

9,577 
9,697 
10,066 
9,604 
8,912 
9,542 

9,005 
8,760 
9,602 
9,506 


12,471 


12,251 


Calo- 
ries. 


13 


6,198 


7,464 


5,311 
5,394 
5,387 
5,302 
^,377 
5,322 


5,358 

5,372 

5,321 
5,387 
5,502 
5,336 
4,951 
5,301 

5,053 
4,867 
5,334 
5,281 


6,928 
6,806 


Dry  coal. 


B.t.u. 


14 


13,081 


13,795 


12,438 
12,379 
12,278 
12,315 
12,376 
12,317 


12,353 

12,483 

12,383 
12,504 
12,534 
12,391 
11,513 
12,350 

11,274 
11,456 
12,342 
12,195 


13,541 
13,223 


Calo- 
ries. 


U 


7,267 


7,664 


6,910 
6,877 
6,821 
6,842 
6,876 
6,843 


6,863 

6,935 

6,879 
6,947 
6,963 
6,884 
6,396 
6,861 

6,263 
6,364 
6,857 
6,775 


7,623 
7,346 


Moisture  free 
and  ash  free. 


B.  t.  u. 


16 


13,722 


14,601 


13,141 
12,968 
12,853 
12,992 
12,995 
13,002 


12,994 

13,115 

13,059 
13,037 
13,084 
12,983 
12,949 
12,995 

13,138 
12,908 
13,074 
13,202 


14,060 
14,045 


Calo- 
ries. 


17 


7,623 


8,112 


7,301 
7,204 
7,141 
7,218 
7,219 
7,223 


7,219 

7,286 

7,255 
7,243 
7,280 
7,213 
7,194 
7,219 

7,299 
7,171 
7,263 
7,334 


7,827 
7,803 


Num- 
ber of 
analy- 
ses 
aver- 
aged. 


18 


9 


36 
^4 
13 
61 
9 
3 


9 

22 

17 
15 

9 
14 
25 

5 

18 

33 

6 

34 


17 
6 


Index 
num- 


19 


713 


714 


715 
716 
717 
718 
719 
720 


721 

723 

723 
724 
725 
726 
727 
728 

729 
730 
731 
732 


733 

734 


ESSENTIAL  DATA  IN  BEGABD  TO  COAL  CONTBJLOTS. 

In  the  following  pages  are  given  the  essential  data  in  regard  to  the 
place,  date  of  delivery,  purchaser,  price,  and  contract  guaranties 
for  the  coals  that  were  sampled. and  analyzed  as  ahown  in  Table  2. 
The  numbers  refer  to  the  index  numbers  in  Table  2  (column  19). 
Prices  given  are  per  ton  of  2,240  pounds,  delivered,  except  where 
otherwise  stated.  The  year  given  as  date  of  delivery  is  the  fiscal 
year — for  example,  1910-11  refers  to  the  fiscal  year  beginning  July 
1,  1910,  and  ending  June  30,  1911. 

AUSTRALIA    COAIS, 

1.  Bituminous  coal  deUvered  to  Fort  Rosecrans,  CaL,  Quartermaster  Ck>rps, 
War  Department,  1914-15.  CJontract  guaranties:  2.5  per  cent  moisture,  "as 
received  " ;  5  per  cent  ash,  and  14,000  B.  t.  u.,  "  dry  coal."  Price,  $8.85  per  ton 
for  deUvery  at  San  Diego,  Cal. 

2.  Bituminous  coal  delivered  to  Fort  Davis,  Alaska,  Quartermaster  Ck>rps, 
War  Department,  1914-15.  CJontract  guaranties:  3  per  cent  moisture,  "as 
received  " ;  40  per  cent  volatile  matter,  1  per  cent  sulphur,  5  per  cent  ash,  and 
14,000  B.  t.  u.,  "  dry  coal."*    Price,  $20.25  per  ton. 

8.  Bituminous  coal  delivered  to  the  Uniteil  States  military  prison,  Alcatraz, 
Cal.,  Quartermaster  Corps,  War  Department,  1911-12.  Contract  guaranties: 
5  per  cent  ash,  "  dry  coal " ;  14,800  B.  t.  u.,  "  as  received."    Price,  $9.15  per  ton. 

4.  Bituminous  coal  delivered  to  Fort  Baker,  Cal.,  Quartermaster  Corps,  W-ar 
Department,  1911-12.  Contract  guaranties:  5  per  cent  ash,  "dry  coal"; 
14,800  B.  t.  u.,  "  as  received."    I»rice,  $9.40  per  ton. 

5.  Bituminous  coal  delivered  to  Fort  McDowell,  Cal.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  5  per  cent  ash,  "  dry  coal  " ; 
14,800  B.  t.  u.,  "  as  received."    Price,  $9.15  per  ton. 

6.  Bituminous  coal  delivered  to  Presidio  of  Monterey,  Cal.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  5  per  cent  ash,  "dry 
coal " ;  14,800  B.  t.  u.,  "  as  received."    Price,  $12.60  per  ton. 

7.  Bituminous  coal  delivered  to  Fort  Miley,  Cal.,  Quartermaster  Corps,  War 
Department,  1913-14.  Contract  guaranties:  2.5  per  cent  moisture,  "as  re- 
ceived"; 43.6  per  cent  volatile  matter,  0.8  per  cent  sulphur,  6  per  cent  ash, 
13,600  B.  t.  u.,  "  dry  coal."    Price,  $10.50  per  ton. 

8.  Bituminous  coal  delivered  to  Letterman  General  Hospital,  Presidio  of 
San  Francisco,  Cal.,  Quartermaster  Corps,  War  Department,  1913-14.  Contract 
guaranties :  2.5  per  cent  moisture,  "  as  received  " ;  40  per  cent  volatile  matter, 
1  per  cent  sulphur,  6  per  cent  ash,  13,600  B.  t.  u.,  "  dry  coal."    Price,  $10  per  ton. 

9.  Bituminous  coal  delivered  to  Presidio  of  Monterey,  CaL,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  2.5  per  cent  moisture, 
"  as  received  " ;  6  per  cent  ash,  13,600  B.  t.  u.,  "  dry  coal."    Price,  $13.57  per  ton. 

10.  Bituminous  coal  delivered  to  Presidio  of  San  Francisco  and  Fort  Mason, 
Cal.,  Quartermaster  Corps,  War  Department,  1913-14.    Contract  guaranties: 
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2.5  per  cent  moisture,  "  as  received  " ;  40  per  cent  volatile  matter,  8  per  cent 
sulphur  and  6  per  cent  ash,  13,600  B.  t.  u.,  "dry  coal."  Price,  $10  per  ton  at 
presidio  and  $9.75  per  ton  at  the  fort. 

11.  Bituminous  coal  delivered  to  Fort  Baker,  Cal.,  Quartermaster  Corps, 
War  Department,  1913-14.  Contract  guaranties :  2.5  per  cent  moisture,  "  as  re- 
ceived " ;  6  per  cent  ash,  13,600  B.  t.  u.,  "  dry  coal."    Price,  $10.65  per  ton. 

12.  Bituminous  coal  delivered  to  forts  of  San  Francisco  Harbor,  Cal.,  Quar- 
termaster Corps,  War  Department,  1913-14.  Contract  guaranties  same  as  No. 
11.    Price,  $10.50  per  ton. 

18.  Bituminous  coal  delivered  to  Fort  Winfleld  Scott,  Cal.  (vessels),  Quar- 
termaster Corps,  War  Department,  1913-14.  Contract  guaranties :  2.5  per  cent 
moisture,  "  as  received  " ;  6  per  cent  ash,  13,600  B.  t.  u.,  "  dry  coal."  Price,  $8.50 
per  ton, 

14.  Bituminous  coal  delivered  to  Presidio  of  San  Francisco,  Cal.,  Quarter- 
master Corps,  War  Department,  1911-12.  Contract  guaranties:  5.04  per  cent 
ash,  •*  dry  coal " ;  14,020  B.  t.  u.,  "  as  received."    Price,  $9.40  per  ton. 

15.  Bituminous  coal  delivered  to  Port  Miley,  Cal.,  Quartermastec  Corps,  War 
Department,  1911-12.    Contract  guaranties  same  as  No.  14.    Price,  $9.90  per  ton. 

16.  Bituminous  coal  delivered  to  Fort  Mason,  Cal.,  Quartermaster  Corps,  War 
Department,  1911-12.    Contract  guaranties  same  as  No.  14.    Price,  $9.15  per  ton. 

17.  Bituminous  coal  delivered  to  Benicia  Arsenal,  Cal.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  4.12  per  cent  ash,  "  dry  coal " ; 
14,474  B.  t.  u.,  "  as  received."    Price,  $9.84  per  ton. 

18.  bituminous  coal  delivered  to  Fort  Barry,  Cal.,  Quartermaster  Corps,  War 
Department,  1911-12.  Contract  guaranties:  5.04  per  cent  ash,  "dry  coal"; 
14,020  B.  t  u.,  "  as  received."    Price,  $10.90  per  ton. 

19.  Bituminous  coal  delivered  to  Schofield  Barracks,  Hawaii  Territory,  Quar- 
termaster Corps,  War  Department,  1911-12.  Contract  guaranties :  7.13  per  cent 
ash,  "  dry  coal " ;  13,607  B.  t.  u.,  "  as  received."    Price,  $9.25  per  ton. 

20.  Bituminous  coal  delivered  to  Fort  Ruger,  Hawaii  Territory,  Quarter- 
master Corps,  War  Department,  1911-12.  Contract  guaranties  same  as  No.  19. 
Price,  $10.75  per  ton. 

CANADA  COALS. 

21.  Bituminous  coal  delivered  to  Fort  George  Wright,  Wash.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  6.5  per  cent  moisture, 
"  as  received  " ;  16  per  cent  volatile  matter,  0.35  per  cent  sulphur,  10  per  cent 
ash,  14,200  B.  t.  u.,  "  dry  coal."    Price,  $6,214  per  ton. 

22.  Bituminous  coal  delivered  to  Fort  George  Wright,  Wash.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  1  per  cent  moisture, 
"  as  received  ";  20  to  23  per  cent  volatile  matter,  0.4  per  cent  sulphur,  12  per 
cent  ash,  and  13,500  B.  t.  u.,  "  dry  coal."    Price,  $3.36  per  ton  f.  o.  b.  mines. 

28.  Bituminous  coal  delivered  to  San  Francisco  Harbor,  Cal.,  Quartermaster 
Corps,  War  Department,  1911-12. 

24.  Bituminous  coal  delivered  to  the  depot  quartermaster,  United  States 
Army,  Seattle,  Wash.,  Quartermaster  Corps,  War  Department,  1914-15.  Con- 
tract guaranties :  1.38  per  cent  moisture,  "  as  received  " ;  29.34  per  cent  volatile 
matter,  1.01  per  cent  sulphur,  14.47  per  cent  ash,  and  12,500  B.  t  u.,  "dry 
coal."    Price,  $3.40  per  ton  in  vessels  at  West  Seattle,  Wash. 

25.  Bituminous  coal  delivered  to  Fort  Miley,  Cal.,  Quartermaster  Corps,  War 
Department,  1911-12.  Contract  guaranties:  6.61  per  cent  ash,  "dry  coal"; 
13,906  B.  t.  u.,  "  as  received."    Price^  $9.50  per  ton. 


54  ANALYSES  OF   GOALS. 

86.  Bituminous  coal  deUvered  to  Fort  Barry,  Cal^  Quartermaster  Corps,  War 
Department,  1911-12.  Contract  guaranties  same  as  No.  25.  Price,  $10.50 
per  ton. 

87.  Bituminous  coal  delivered  to  Presidio  of  San  Francisco,  Cal.,  Quarteiv 
master  Corps,  War  Department,  1911-12.    Contract  guaranties  same  as  No.  25^ 

88.  Bituminous  coal  delivered  to  Fort  St.  Michael,  Alaska,  Quartermaster 
Corps,  War  Department,  1912-18.  Contract  guaranties :  2.44  per  cent  moisture, 
"  as  received" ;  11.65  per  cent  ash ;  14,000  B.  t  u.,  "  dry  coal."  Price,  $20.50 
per  ton. 

88.  Bituminous  coal  delivered  to  Fort  Davis,  Alaska,  Quartermaster  Corps, 
War  Department,  1912-18.    Price,  $20.50  per  ton« 

30.  Bituminous  coal  delivered  to  Fort  Ward,  Wash.,  Quartermaster  Corps, 
War  Department,  1912-13.    Price,  $9.75  per  ton. 

31.  Bituminous  coal  delivered  to  Fort  Worden,  Wash.,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  1.75  per  cent  moisture,  "as 
received" ;  10  per  cent  ash ;  13,600  B.  t  u.,  **  dry  coal."    Price,  $9.50  per  ton. 

38.  Bituminous  coal  delivered  to  Fort  Barry,  Cal.,  Quartermaster  Corps,  War 
Department,  1912-13.  Contract  guaranties:  2.5  per  cent  moisture,  "as  re- 
ceived " ;  13  per  cent  ash ;  12,510  B.  t.  u.,  "  dry  coal."    Price,  $11.50  per  ton. 

33.  Bituminous  coal  delivered  to  Letterman  General  Hospital,  San  Francisco. 
Cal.,  Quartermaster  Corps,  War  Department,  1912-13.  Contract  guaranties: 
2.5  per  cent  moisture,  "as  received";  13  per  cent  ash;  12,510  B.  t.  u.,  "dry 
coal."    Price,  $9  per  ton. 

34.  Bituminous  coal  delivered  to  Fort  McDowell,  CaL,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  2.5  per  cent  moisture,  "as 
received" ;  13  per  cent  ash ;  12,510  B.  t.  u.,  "  dry  coal."    Price,  $8.90  per  ton. 

'  85.  Bituminous  coal  delivered  to  Fort  McDowell,  Cal.,  Quartermaster  Corps, 
War  Department,  1914-15.  Contract  guaranties:  2.5  per  cent  moisture,  "as 
received" ;  40  per  cent  volatile  matter,  1.75  per  cent  sulphur,  10  per  cent  ash, 
and  12,800  B.  t.  u.,  "dry  coal."  Price,  $9  per  ton  for  delivery  at  San  Fran- 
cisco, Cal. 

86.  Bituminous  coal  delivered  to  Fort  Winfield  Scott,  Cal.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  2.5  per  cent  moisture, 
"  as  received" ;  40  per  cent  volatile  matter,  1.75  per  cent  sulphur,  10  per  cent 
ash,  and  12,800  B.  t.  u.,  "  dry  coal."    Price,  $9  per  ton. 

37.  Bituminous  coal  delivered  to  the  United  States  military  prison,  Alcatraz, 
Cal.,  Quartermaster  Corps,  War  Department,  1914-15.  Contract  guaranties 
same  as  No.  36.    Price,  $8.85  per  ton. 

88.  Bituminous  coal  delivereti  to  Fort  Baker,  Cal.,  Quartermaster  Corps,  War 
Department,  1914-15.  Contract  guaranties  same  as  No.  36.  Price,  $9.65 
per  ton. 

39.  Bituminous  coal  delivered  to  Fort  McDowell,  Cal.,  Quartermaster  Corps, 
War  Department,  1914r-15.  Contract  guaranties  same  as  No.  36.  Price,  $8.50 
per  ton  for  delivery  at  San  Francisco,  Cal. 

40.  Bituminous  coal  delivered  to  Fort  Davis,  Alaska,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  7.6  per  cent  ash,  "  dry  coal " ; 
13,360  B.  t.  u.,  "  as  received."    Price,  $19.49  per  ton. 

41.  Bituminous  coal  delivered  to  Fort  Casey,  Wash.,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  1.75  per  cent  moisture,  "as 
received  " ;  9.46  per  cent  ash,  13,600  B.  t  u.,  "  dry  coal."    Price,  $9.75  per  ton. 

48.  Bituminous  coal  delivered  to  Fort  Flagler,  Wash.,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  1.75  per  cent  moisture,  "as 
received  " ;  9.46  per  cent  ash,  13,600  B.  t.  u.,  "  dry  coal."    Price,  $9.75  per  ton. 
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48.  Bitnminoas  coal  delivered  to  Fort  Worden,  Wash.,  Qaartennaster  Corps, 
War  Department,  1914-15.  Contract  guaranties:  1.82  per  cent  moisture,  "as 
received";  8.49  per  cent  ash,  and  13,000  B.  t  u.,  *N*dry  coal."  Price,  $8.05 
per  ton.  / 

ALABAMA  COALS. 

44.  Bituminous  coal  delivered  to  Fort  Barrancas,  Fla.,  Quartermaster  Corps, 
War  Department,  1912-18.  Contract  guaranties :  1  per  cent  moisture,  "  as  re- 
ceived " ;  7  per  cent  ash,  "  dry  coal " ;  14,200  B.  t.  u.,  "  dry  coal."  Price,  $5.60 
per  ton. 

45.  Bituminous  coal  delivered  to  Fort  Pickens,  Fla.,  Quartermaster  Corps, 
War  Department,  1912-18.  Contract  guaranties  same  as  No.  44.  Price,  $6.55 
per  ton. 

46.  Bituminous  coal  delivered  to  Forts  Barrancas  and  Pickens,  Fla.,  Quar- 
termaster Corps,  War  Department,  1914-15.  .Contract  guaranties:  8  per  cent 
moisture,  **  as  received  " ;  8  per  cent  ash,  14,000  B.  t  u.,  "  dry  coal."  Prices, 
Fort  Barrancas,  $5.85  per  ton ;  Fort  Pickens,  $6.80  per  ton. 

47.  Bituminous  coal  delivered  to  Fort  Morgan,  Ala.,  Quartermaster  Corps, 
War  Department,  1914-15.    Price,  $5.75  per  ton. 

46.  Bituminous  coal  delivered  to  Forts  Barrancas  and  Pickens,  Fla.,  Quar- 
termaster Corps,  War  Department,  1914-15.  Contract  guaranties:  8  per  cent 
moisture,  "  as  received  " ;  87  i>er  cent  volatile  matter,  1  per  cent  sulphur,  7  per 
cent  ash,  and  14,000  B.  t  u.,  "dry  coal."  Price,  $5.65  per  ton  for  delivery 
at  Fort  Barrancas  and  $5.50  per  ton  for  delivery  at  Fort  Pickens. 

48.  Bituminous  coal  delivered  to  Fort  Morgan,  Ala.,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  5  per  cent  moisture,  "as 
received  " ;  10  per  cent  ash,  13,500  B.  t  u,,  "  dry  coal."  Price,  $3.30  per  ton 
delivered  at  Mobile. 

60.  Bituminous  coal  delivered  to  Fort  Morgan,  Ala.  (for  vessels).  Quarter- 
master Corps,  War  Department,  1911-12.  Contract  guaranties :  8  per  cent  ash, 
"  dry  coal " ;  18,500  B.  t  u.,  **  as  received."  Price,  $3.80  per  ton  delivered  at 
Mobile,  Ala. 

51.  Bituminous  coal  delivered  to  eighth  lighthouse  district.  Mobile,  Ala., 
Bureau  of  Lighthouses,  Department  of  Conunerce,  1911-12.  Contract  guaran- 
ties :  11  per  cent  ash,  "  dry  coal " ;  13,050  B.  t  u.,  "  as  received."  Price,'  $3.34 
per  ton. 

52.  Bituminous  coal  delivered  to  the  customhouse.  New  Orleans,  La.,  Treas- 
ury Department,  1914-15.  Contract  guaranties:  37  per  cent  volatile  matter, 
2.5  per  cent  sulphur,  10  per  cent  ash,  "  dry  coal " ;  14,000  B.  t  u.,  "  as  received." 
Price,  $3.80  per  ton. 

58.  Bituminous  coal  delivered  to  the  navy  yard  at  Pensacola,  Fla.,  Navy  De- 
partment, in  June,  1914. 

54.  Bituminous  coal  delivered  to  the  navy  yard  at  Pensacola,  Fla.,  Navy  De- 
partment, in  May  and  June,  1914. 

55.  Bituminous  coal  delivered  to  the  United  States  engineer  office,  l^ont- 
gomery,  Ala.,  War  Department,  1914-15.  Contract  guaranties:  2  per  cent 
moisture,  "  as  received  " ;  29.91  per  cent  volatile  matter,  1.33  per  cent  sulphur, 
5.45  per  cent  ash,  and  14,750  B.  t  u.,  "  dry  coal."  Price,  $1.75  per  ton  of  2,000 
pounds. 

66.  Bituminous  coal  delivered  to  the  navy  yard  at  Pensacola,  Fla.,  Navy  De- 
partment, in  June,  1914. 

67.  Bituminous  coal  delivered  to  the  customhouse.  New  Orleans,  La.,  Treas- 
ury Department,  1911-12.    Contract  guaranties:  8  per  cent  ash,  **dry  coal 
18,900  B.  t  u.,  "  as  received."    Price,  $3.20  per  ton. 
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58.  Bituminous  coal  delivered  to  the  customhouse,  New  Orleans,  La.,  Treas- 
ury Department.  1908-0.  Contract  guaranties :  6  per  cent  ash,  '*  dry  coal " ; 
14,000  B.  t.  u.,  **  as  received."    Price,  $3.25  per  ton. 

58.  Bituminous  coal  delivered  to  the  mint  building,  New  Orleans,  La.,  Treas- 
ury Department,  1908-9.  Contract  guaranties :  6  per  cent  ash,  "  dry  coal " ; 
14,000  B.  t.  u.,  "  as  received."    Price,  $3.40  per  ton. 

80.  Bituminous  coal  delivered  to  the  United  States  engineer  office.  Mobile. 
Ala.,  War  Department,  1914-15.  Contract  guaranties:  1.6  per  cent  moisture, 
"  as  received  " ;  28  per  cent  volatile  matter,  1  per  cent  sulphur,  9  i)er  cent  ash, 
and  14,000  B.  t.  u.,  "dry  coal."    Price,  $2.45  per  ton  (2,000  pounds). 

81.  Bituminous  coal  delivered  to  the  United  States  engineer  office,  Pasca- 
goula,  Miss.,  War  Department,  1914-15.  Contract  guaranties  same  as  No.  CO. 
Price,  $2.90  per  ton  (2,000  pounds)'. 

82.  Bituminous  coal  delivered  to  the  United  States  engineer  office,  Gulfport, 
Miss.,  War  Department,  1914-15.  Contract  guaranties  same  as  No.  60.  Price, 
$3.05  per  ton  (2,000  pounds). 

83.  Bituminous  coal  delivered  to  the  United  States  engineer  office.  Mobile, 
Ala.,  and  Pascagoula,  Miss.,  War  Department,  1914-1.5.  Contract  guaranties: 
2.97  per  cent  moisture,  "  as  received " ;  31.74  per  cent  volatile  matter,  0.625 
per  cent  sulphur,  7.185  per  cent  ash,  and  14,2.50  B.  t.  u.,  "dry  coaL"  Price, 
$1.38  per  ton  f.  o.  b.  mines  (2,(X)0  pounds). 

84.  Bituminous  coal  delivered  to  Fort  Barrancas,  Fla.,  Quartermaster  Corps. 
War  Department,  1912-13.  Contract  guaranties:  1  per  cent  moisture,  **as 
received  " ;  7  per  cent  ash,  13,500  B.  t.  u.,  "  dry  coal."  Price,  $4.25  per  ton  in 
vessels  and  $4.35  per  ton  at  pumping  plant. 

85.  Bituminous  coal  delivered  to  Forts  Barrancas  and  Pickens,  Pla.,  Quar- 
termaster Corps,  War  Department,  1913-14.  Contract  guaranties:  2  per  cent 
moisture,  "  as  received  " ;  7.5  per  cent  ash,  13,(500  B.  t.  u.,  "  dry  coal."  Price, 
$4.37  per  ton  at  Fort  Barrancas  pumping  plant,  $5.20  per  ton  at  Fort  Pickens, 
and  $7  per  ton  at  mortar  battery.  Fort  Pickens. 

88.  Bituminous  coal  delivered  to  Forts  Barrancas,  McRee,  and  Pickens,  Fla.. 
Quartermaster  Corps,  War  Department,  1914-15.  Contract  guaranties:  2  per 
cent  moisture  "as  received";  31  per  cent  volatile  matter,  1  per  cent  sulphur, 
7.5  per  cent  ash,  and  13,7(X)  B.  t.  u.,  "  dry'  coal."  Price,  $5.20  per  ton  at  Fort 
Pickens,  $4.37  per  ton  at  Fort  Barrancas,  and  $7.25  per  ton  at  Fort  McRee. 

87.  Bituminous  coal  delivered  to  the  customhouse.  New  Orleans,  La,,  Treas- 
ury Department,  1909-10.  Contract  guaranties :  6  per  cent  ash,  "  dry  coal " ; 
14,500  B.  t.  u.,  "  as  received."    Price,  $3.25  per  ton. 

88.  Bituminous  coal  delivered  to  the  mint  building.  New  Orleans,  La.,  Trea.s- 
ury  Department,  1909-10.  Contract  guaranties  same  as  No.  67.  Price,  $3.25 
per  ton. 

89.  Bituminous  coal  delivered  to  the  customhouse.  New  Orleans,  La.,  Treas- 
ury Department,  1907-8.  Contract  guarantiees :  8.5  per  cent  ash,  "  dry  coal " ; 
14,000  B.  t.  u.,  "  as  received."    Price,  $3.75  per  ton. 

70.  Bituminous  coal  delivered  to  the  United  States  engineer  office,  Mobile, 
Ala.,  War  Department,  1914-15.    Price,  $1.36  per  ton  f.  o.  b.  mines. 

71.  Bituminous  coal  delivered  to  Forts  Barrancas  and  Pickens,  Fla.,  Quar- 
termaster Corps,  War  Department,  1914-15.  Contract  guaranties:  8  per  cent 
moisture,  "  as  received  " ;  30  per  cent  volatile  matter,  1.25  per  cent  sulphur,  7.5 
per  cent  ash,  and  14,000  B.  t.  u.,  "dry  coal."  Price,  $4.35  per  ton  at  Fort  Bar- 
rancas, Fla.,  and  .$5.15  per  ton  at  Fort  Pickens  (mortar  battery). 

72.  Bituminous  coal  delivereii  to  Fort  Barrancas,  Fla.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties:  4  per  cent  ash,  "dry  coal"; 
14,800  B.  t.  u.,  "  as  received."     Price,  $4.03  per  ton. 
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73.  Bituminous  coal  delivered  to  Forts  Barrancas  and  McRee,  Fla.,  Quarter- 
master Corps,  War  Department,  1913-14  Contract  guaranties:  1.5  per  cent 
moisture,  "  as  received  " ;  8  per  cent  ash,  14,000  B.  t.  u.,  "  dry  coal."  Price,  $4.40 
at  Fort  Barrancas  and  $7.30  at  Fort  McRee. 

74.  Bituminous  coal  delivered  to  the  eighth  lighthouse  district,  New  Orleans, 
La.,  Bureau  ot  Lighthouses,  Department  of  Commerce,  1912-13.  Contract  guar- 
anties :  10  per  cent  ash,  **  dry  coal  " ;  13,500  B.  t.  u.,  "  as  received."  Price,  $3.90 
per  ton. 

76.  Bituminous  coal  delivered  to  the  eighth  lighthouse  district,  New  Orleans, 
La.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1914-15.  Contract  guar- 
anties :  3  per  cent  moisture,  "  as  received  " ;  29  per  cent  volatile  matter,  1  per 
cent  sulphur,  10  per  cent  ash,  and  13,600  B.  t  u.,  "dry  coal."  Price,  $3.90 
per  ton. 

76.  Bituminous  coal  delivered  to  the  navy  yard  at  Pensacola,  Fla.,  Navy  De- 
partment, in  June,  1914. 

77.  Bituminous  coal  delivered  to  the  customhouse.  New  Orleans,  La.,  Treas- 
ury Department,  1910-11.  Contract  guaranties:  6  per  cent  ash,  "dry  coal"; 
14,500  B.  t.  u.,  "  as  received."    Price,  $3.50  per  ton. 

78.  Bituminous  coal<  delivered  to  the  customhouse,  New  Orleans,  La.,  Treas- 
ury Department,  1912-13.  Contract  guaranties :  35  per  cent  volatile  matter,  2.5 
per  cent  sulphur,  7  per  cent  ash,  "  dry  coal " ;  14,250  B.  t.  u.,  "  as  received." 
Price,  $4  per  ton. 

79.  Bituminous  coal  delivered  to  the  navy  yard  at  Pensacola,  Fla.,  Navy  De- 
partment, In  June,  1914. 

80.  Bituminous  coal  delivered  to  the  eighth  lighthouse  district,  New  Orleans, 
La.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1913-14.  Contract  guar- 
anties :  3  per  cent  moisture,  "  as  received  " ;  35  per  cent  volatile  matter,  2  per 
cent  sulphur,  10  per  cent  ash,  13,500  B.  t.  u.,  "  dry  coal."     Price,  $3.90  per  ton. 

81.  Bituminous  coal  delivered  to  Fort  Morgan,  Ala.,  Quartermaster  Corps, 
War  Department,  1914-15.  Contract  guaranties:  4  per  cent  moisture,  "as  re- 
ceived " ;  35  per  cent  volatile  matter,  0.75  per  cent  sulphur,  7  per  cent  ash,  and 
14,000  B.  t  u.,  "  dry  coal."    Price,  $4.80  per  ton. 

82.  Bituminous  coal  delivered  to  the  United  States  engineer  office,  Tusca- 
loosa, Ala.,  War  Department,  1914-15.  Contract  guaranties :  3  per  cent  moisture, 
*'  as  received  " ;  35  per  cent  volatile  matter,  1.25  per  cent  sulphur,  13  per  cent 
ash,  and  13,000  B.  t.  u.,  "  dry  coal."    Price,  $1.50  per  ton  (2,000  pounds). 

S3.  Bituminous  coal  delivered  to  the  customhouse,  New  Orleans,  La.,  Treas- 
ury Department,  1913-14.  Contract  guaranties:  10  per  cent  ash,  "dry  coal"; 
13,800  B.  t.  u.,  "  as  received."    Price,  $3.30  per  ton. 

84.  Bituminous  coal  delivered  to  Jackson  Barraclcs,  La.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  3  per  cent  moisture, 
"  as  received  " ;  12  per  cent  ash,  and  13,500  B.  t.  u.,  "  dry  coal."  Price,  $4.50 
per  ton. 

85.  Bituminous  coal  delivered  to  the  United  States  engineer  office.  Port  Eads 
and  Burrwood,  La.,  and  to  points  on  the  Mississippi  River  below  Plaquemine, 
La.,  War  Department,  1914-15.  Contract  guaranties :  3  per  cent  moisture,  "  as 
received  " ;  33.92  per  cent  volatile  matter  for  5-inch  coal  and  32.92  per  cent 
for  3-lnch  coal,  1  per  cent  sulphur,  4  per  cent  ash  for  5-inch  coal  and  6  per 
cent  for  3-lnch  coal,  14,700  B.  t  u.  for  5-lnch  coal  and  14,500  for  3-inch  coal, 
"dry  coal."  Price,  $3.75  per  ton  (2,000  pounds)  for  the  5-lnch  coal  and  $3.65 
for  the  3-lnch  coal. 

86.  Bituminous  coal  delivered  to  Jackson  Barracks,  La.,  Quartermaster 
Corps,  War  Department,  1912-13.     Contract  guaranties:  3  per  cent  moisture. 
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**a8  received";  9  per  cent  ash,  13,200  B.  t  u.,  "dry  coaL"    Price,  $5.75  per 
ton. 

ARKANSAS  COALS. 

87.  Semlbitnminons  coal  delivered  to  Fore  Sam  Houston,  Tex.,  Quarter- 
master Ck»rpB,  War  Department,  1912-13.  Contract  guarantiee:  3  per  cent 
moisture,  **  ^s  received  " ;  10  per  cent  ash,  14,000  B.  t  u.,  "  dry  coal."  Price, 
$6,869  per  ton. 

88.  Semlbituminous  coal  delivered  to  Fort  Sam  Houston,  Tex.,  Quarter- 
master Corps,  War  Department,  1913-14.  Contract  guaranties:  2  per  cent 
moisture,  "as  received";  17  per  cent  volatile  matter,  1  per  cent  sulphur,  6 
per  cent  ash,  14,000  B.  t.  u.,  "  dry  coal."    Price,  $6.10  per  ton. 

89.  Semlbituminous  coal  delivered  to  Fort  Logan  H.  Roots,  Ark.,  Quarter- 
master Corps,  War  Department,  1911-12.  Contract  guaranties:  10  per  cent 
ash,  "  dry  coal " ;  13,500  B.  t  u.,  "  as  received."    Price,  $6.28  per  ton. 

90.  Semlbituminous  coal  delivered  to  Fort  Logan  H.  Roots,  Ark.,  Quarter- 
master Corps,  War  Department,  1912-13.  Contract  guaranties:  3  per  cent 
moisture,  "  as  received  " ;  10  per  cent  ash,  13,500  B.  t  u.,  "  dry  coaL"  Price, 
$5.70  per  ton. 

91.  Semlbituminous  coal  delivered  to  Fort  Logan  H.  Roots,  Ark.,  Quarter- 
master Corps,  War  Department,  1911-12.  Contract  guaranties :  11  per  cent  ash, 
"  dry  coal " ;  13,000  B.  t.  u.,  "  as  received."    Price,  $5.43  per  ton. 

92.  Semlbituminous  coal  delivered  to  Fort  Logan  H.  Roots,  Ark.,  Quarter- 
master Corps,  War  Department,  1912-13.  Contract  guaranties:  3  per  cent 
moisture,  "  as  received" ;  10  per  cent  ash,  13,000  B.  t.  u.,  "  dry  coal."  Price, 
$4.15  per  ton. 

98.  Semlbituminous  coal  delivered  to  Fort  Logan  H.  Roots,  Ark.,  Quarter- 
master Corps,  War  Department,  1913-14.  Contract  guaranties:  3.5  per  cent 
moisture,  "  as  received" ;  10  per  cent  ash,  13,500  B.  t.  u.,  "  dry  coaL"  Price, 
$5.88  per  ton. 

ARKANSAS  AND  OKLAHOMA  COALS. 

94.  Semlbituminous  coal  delivered  to  Fort  Sam  Houston,  Tex.,  Quarter- 
master Corps,  War  Department,  1914-15.  Contract  guaranties:  3  per  cent 
moisture,  "  as  received" ;  20  per  cent  volatile  matter,  3  per  cent  sulphur,  10  per 
cent  ash,  and  13,500  B.  t  u.,  "  dry  coal."    Price,  $6.66  per  ton. 

COLORADO  COALS. 

95.  Anthracite  coal  delivered  to  United  States  courthouse  and  post-office 
building,  Denver,  Colo.,  Treasury  Department,  1910-11.  Contract  guaranties: 
10  per  cent  ash,  "  dry  coal" ;  13,300  B.  t  u.,  "  as  received."  Price,  $4.75  per 
ton. 

96.  Anthracite  coal  delivered  to  United  States  courthouse  and  post-office 
building,  Denver,  Colo.,  Treasury  Department,  1911-12.  Contract  guaranties : 
16  per  cent  ash,  "  dry  coal" ;  11,500  B.  t.  u.,  "  as  received,"    Price,  $5.25  per  ton. 

97.  Anthracite  coal  delivered  to  United  States  courthouse  and  post-office 
building,  Denver,  Colo.,  Treasury  Department,  1912-13. 

98  and  99.  Anthracite  coal  delivered  to  United  States  courthouse  and  post- 
office  building,  Denver,  Colo.,  Treasury  Department.  No.  98  was  delivered  in 
1913-14  and  No.  99  in  1914^-15.    Price,  $5.40  per  ton. 

100.  Bituminous  coal  delivered  to  Fort  Meade,  S.  Dak.,  Quartermajster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  3  per  cent  moisture, 
"  as  received  " ;  14  per  cent  ash,  12,500  B.  t.  u.,  "  dry  coal."  Price,  $7,056  per 
ton  f.  o.  b.  Sturgis,  S.  Dak. 
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101.  Bitiuninous  coal  delivered  to  Fort  Logan,  Colo.,  Quartermaster  Corps, 
War  Department,  1914-15.  Ck»ntract  guaranties:  2.5  per  cent  moisture,  "as 
received  " ;  36  per  cent  volatile  matter,  0.75  per  cent  sulphur,  14  per  cent  ash, 
and  12,400  B.  t.  u.,  "  dry  coal."    Price,  $4,144  per  ton. 

108.  Bituminous  coal  delivered  to  Fort  D.  A.  Russell,  Wyo.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  11.5  per  cent  ash,  "  dry 
coal " ;  12,500  B.  t  u..  "  as  received."    Price,  $4,872  per  ton. 

108.  Bituminous  coal  delivered  to  Fort  Logan,  Colo.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties  same  as  No.  102.  Price, 
$4.59  per  ton. 

104^  Bituminous  coal  delivered  to  Fort  Meade,  S.  Dak.,  Quartermaster  Corps, 
War  Department,  1912-18.  Contract  guaranties:  3.5  per  cent  moisture,  "as 
received  " ;  11.75  per  cent  ash^  12,875  B..  t  u.,  "  dry  coal."  Price,  $7.28  per  ton 
f.  o.  b.  Sturgls,  S.  Dak. 

106.  Bituminous  coal  delivered  to  Fort  Robinson,  Nebr.,  Quartermaster 
Corps,  War  Department,'  1912-13.  Contract  guaranties  same  as  No.  104.  Price, 
$7.28  per  ton. 

106.  Bituminous  coal  delivered  to  the  mint  building,  Denver,  Colo.,  Treasury 
Department,  1909-10.  Contract  guaranties:  12  per  cent  ash,  "dry  coal"; 
13,000  B.  t.  u.,  "  as  received."    Price,  $4.40  per  ton. 

107  and  108.  Bituminous  coal  delivered  to  the  Navy  Department  in  May, 
1912.    No  further  Information  available. 

109.  Average  of  Nos.  107  and  108,  by  weight,  according  to  the  respective 
nimibers  of  analyses  made. 

110.  Bituminous  coal  delivered  to  the  Navy  Department  in  June  and  July, 
1912.    Samples  collected  when  coal  was  loaded  into  cars  at  the  mine. 

111.  Bituminous  coal  delivered  to  Fort  D.  A.  Russell,  Wyo.,  iQuartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  4  per  cent  moisture, 
"  as  received  " ;  11.5  per  cent  ash,  12,550  B.  t.  u.,  "  dry  coal."  Price,  $5.32  per 
ton. 

112.  Bituminous  coal  delivered  to  Fort  Logan,  Colo.,  Quartermaster  Corx>s, 
War  Department,  1912-13.  Contract  guaranties  same  as  No.  111.  Price, 
$4,368  per  ton. 

118.  Bituminous  coal  delivered  to  Fort  Logan,  Colo.,  Quartermaster  Corps, 
War  Department,  1913-14.  Contract  guaranties :  3.5  per  cent  moisture,  "  as  re- 
ceived " ;  12  per  cent  ash,  12,850  B.  t.  u.,  "  dry  coal."    Price,  $4,312  per  ton. 

114.  Bituminous  coal  delivered  to  the  United  States  Indian  school,  Grand 
Junction,  Colo.,  Office  of  Indian  Affairs,  Department  of  the  Interior,  1910-11. 
Contract  guaranties:  8.5  per  cent  ash,  "dry  coai";  11,850  B.  t.  u.,  "as  re- 
ceived."   Price,  $2.75  per  ton  (2,000  pounds). 

116.  Bituminous  coal  delivered  to  the  mint  building,  Denver,  Colo.,  Treasury 
Department,  1910-11.  Contract  guaranties :  5  per  cent  ash,  "  dry  coal" ;  12,320 
B.  t.  u.,  "as  received."    Price,  $4.35  per  ton. 

116.  Bituminous  coal  delivered  to  the  mint  building,  Denver,  Colo.,  Treasury 
Department,  1911-12.  Contract  guaranties :  4.9  per  cent  ash,  "  dry  coal" ;  12,200 
B.  t.  u.,  "  as  received."    Price,  $4.09  per  ton. 

117.  Bituminous  coal  delivered  to  the  mint  building,  Denver,  Colo.,  Treasury 
Department,  1912-13.  Contract  guaranties :  5  per  cent  ash,  "  dry  coal" ;  12,200 
B.  t  u.,  "  as  received."    Price,  $4.15  per  ton^ 

118.  Bituminous  coal  delivered  to  the  mint  building,  Denver,  Colo.,  Treasury 
Department,  1913-14.  Contract  guaranties:  40  per  cent  volatile  matter,  2  per 
cent  sulphur,  5  per  cent  ash,  "  dry  coal" ;  12,200  B.  t.  u.,  "  as  received."  Price, 
$4.09  per  ton. 
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119.  Bituminous  coal  delivered  to  the  mint  building,  Denver,  Colo.,  Treasury 
Department,  1914-15.  Contract  guaranties :  5  per  cent  ash  and  13,000  B.  t  u., 
"  dry  coal."    Price,  $4.19  per  ton. 

120.  Subbituminous  coal  delivered  to  the  mint  building,  Denver,  Colo.,  Treas- 
ury Department,  1914-15.  Contract  guaranties,  same  as  No.  119.  Price,  $3.50 
per  ton. 

GEORGIA  COALS. 

m 

121.  Semibituminous  coal  delivered  to  Fort  Oglethorpe,  Ga.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  6  per  cent  ash,  "  dry 
coal" ;  14,590  B.  t.  u.,  "  as  received."    Price,  $3.36  per  ton. 

128.  Semibituminous  coal  delivered  to  Fort  Oglethorpe,  Ga.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  1  per  cent  moisture, 
"as  received";  22  per  cent  volatile  matter,  1.50  per  cent  sulphur,  7  per  cent 
ash,  and  14,000  B.  t.  u.,  "  dry  coal."    I»rice,  $3.58  per  ton. 

ILLINOIS  COALS. 

128.  Bituminous  coal  delivered  to  the  new  post-office  building,  St.  Louis,  Mo., 
Treasury  Department,  1911-12.  Contract  guaranties:  12  per  cent  ash,  "dry 
coal" ;  11,500  B.  t.  u.,  "  as  received."    Price,  $2.20  per  ton. 

124.  Bituminous  coal  delivered  to  United  States  appraiser's  stores,  Chicago, 
111.,  Treasury  Department, •  1909-10.  Contract  guaranties:  8.9  per  cent  ash, 
"  dry  coal" ;  12,136  B.  t.  u.,  "  as  receive<l."    Price,  $3.04  per  ton. 

125.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  ix>st- 
office  building,  Chicago,  111.,  Treasui-y  Department,  1909-10.  Contract  guar- 
anties :  8.9  per  cent  ash,  "  dry  coal" ;  12,136  B.  t.  u., '"  as  received."  Price, 
$3.04  per  ton. 

126.  Bituminous  coal  delivered  to  the  customhouse,  St.  Louis,  Mo.,  Treasury 
Department,  1912-13.  Contract  guaranties:  40  per  cent  volatile  matter,  3  per 
cent  sulphur,  11  per  cent  ash,  "  dry  coal" ;  12,400  B.  t  u.,  **  as  received."  Price, 
$2.39  per  ton. 

127.  Bituminous  coal  delivered  to  the  po.st-offiee  building,  St.  Louis,  Mo., 
Treasury  Department,  1912-13.  Contract  guaranties,  same  as  No.  126.  Price, 
$2.39  per  ton. 

128.  Bituminous  coal  delivered  to  the  Army  Building,  St.  Paul,  Minn.,  Quar- 
master  Corps,  War  Department,  1911-12.  Contract  guaranties :  10  per  cent  ash, 
"dry  coal";  11,515  B.  t.  u.,  "as  received."  Price,  $2.07  per  ton  f.  o.  b. 
Christopher,  111. 

129.  Bituminous  coal  delivered  to  the  depot  quartermaster,  Omaha,  Nebr., 
Quartermaster  Corps,  War  Department,  1911-12.  Contract  guaranties:  9  per 
cent  a.sh,  "  dry  coal  " ;  12,500  B.  t.  u.,  "  as  received."  Price,  $3,37  per  ton  f.  o.  b. 
cars  Christopher,  111.,  including  storage  charges  at  Omaha. 

130.  Bituminous  coal  delivered  to  the  depot  quartermaster,  Omaha,  Nebr., 
Quartermaster  Corps,  War  Department,  1912-13.  Contract  guaranties:  8  i)er 
cent  moisture,  "  as  received  " ;  9  per  cent  ash,  13,000  B.  t.  u.,  "  dry  coal."  Price, 
$6.28  per  ton,  delivered  in  residences. 

131.  Bituminous  coal  delivered  to  the  depot  quartermaster,  Omaha,  Nebr., 
Quartermaster  Corps,  War  Department,  1912-13.  Contract  guaranties:  8  per 
cent  moisture,  "  as  received  " ;  10  per  cent  ash,  12,800  B.  t.  u.,  "  dry  coal." 
Price,  $1.68  per  ton  f.  o,  b.  Christopher,  111. 

132.  Bituminous  coal  delivered  to  the  post-office  building,  Omaha,  Nebr., 
Treasury  Department,  1913-14.  Contract  guaranties:  9  per  cent  ash,  "dry 
coal  " ;  12,500  B.  t.  u.,  "  as  received."    Price,  $4.97  per  ton. 
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188.  Bituminous  coal  delivered  to  the  Army  Building,  St.  Paul,  Minn.,  Quar- 
termaster Corps,  War  Department,  1913-14.  Contract  guaranties :  7  per  cent 
moisture,  "as  received";  31.5  per  cent  volatile  matter,  4.3  per  cent  sulphur. 
10  per  cent  ash,  13,172  B.  t  u.,  "  dry  coal."    Price,  $1.80  per  ton  f.  o.  b.  mines. 

184.  Bituminous  coal  delivered  to  Jeffersoi}  Barracks,  Mo.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  10  per  cent  moisture, 
"as  received";  13  per  cent  ash,  12,500  B.  t.  u.,  "dry  coal."  Price,  $2.49 
per  ton. 

186.  Bituminous  coal  delivered  to  the  United  States  appraiser's  stores,  St. 
Louis,  Mo.,  Treasury  Department,  1910-11.  Contract  guaranties:  10  per  cent 
ash,  "  dry  coal " ;  12,000  B.  t  u.,  "  as  received."    Price,  $2.58  per  ton. 

136.  Bituminous  coal  delivered  to  the  customhouse,  St.  Louis,  Mo.,  Treasury 
Department,  1910-11.  Contract  guaranties:  10  per  cent  ash,  "dry  coal"; 
12.000  B.  t.  u.,  "  as  received."    Price,  $2.43  per  ton. 

187.  Bituminous  coal  delivered  to  the  customhouse,  St  Louis,  Mo.,  Treasury 
Department,  1909-10.  Contract  guaranties:  10  per  cent  ash,  "dry  coal"; 
12,585  B.  t.  u.,  "  as  received."    Price,  $2.20  per  ton. 

188.  Bituminous  coal  delivered  to  the  customhouse,  St.  Louis,  Mo.,  Treasury 
Department,  1908-9.  Contract  guaranties:  12  per  cent  ash,  "dry  coal"; 
12,000  B.  t  u.,  "  as  received."    Price,  $2.43  per  ton. 

189.  Bituminous  coal  delivered  to  Jefferson  Barracks,  Mo.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  11  per  cent  ash,  "  dry 
coal " ;  11,000  B,  t.  u.,  "  as  received."    Price,  $2.31  per  ton. 

140.  Bituminous  coal  delivered  to  Jefferson  Barracks,  Mo.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  10  per  cent  moisture, 
"  as  received  " ;  40  per  cent  volatile  matter,  4.5  per  cent  sulphur,  15  per  cent 
ash,  12,500  B.  t.  u.,  "  dry  coal."    Price,  $2,71  per  ton. 

'  141.  Bituminous  coal  delivered  to  Fort  Crook,  Nebr.,  Quartermaster  Corps, 
War  Department,.  1911-12.  Contract  guaranties:  10  per  cent  aqh,  "dry  coal"; 
11,000  B.  t.  u.,  "  as  received."    Price,  $1.51  per  ton  f.  o.  b.  mines. 

142.  Bituminous  coal  delivered  to  the  depot  quartermaster,  St.  Louis,  Mo., 
Quartermaster  Corps,  War  Department,  1911-12.  Contract  guaranties:  12  per 
cent  ash,  "  dry  coal " ;  11,500  B.  t.  u.,  "  as  received."    Price,  $3,584  per  ton. 

148.  Bituminous  coal  delivered  to  the  Sac  and  F'ox  Indian  School,  Toledo, 
Iowa,  Office  of  Indian  Affairs,  Department  of  the  Interior,  1910-11.  Contract 
guaranties :  12  per  cent  ash,  "  dry  coal " ;  12,000  B.  t.  u.,  "  as  received."  Price, 
$1.75  per  ton  (2,000  pounds)  f.  o.  b.  mines. 

144.  Bituminous  coal  delivered  to  the  post-office  building,  Minneapolis,  Minn., 
Treasury  Department,  1908-9.  Contract  guaranties:  14.78  per  cent  ash,  "dry 
coal " ;  12,257  B.  t.  u.,  "  as  received."    Price,  $3.95  per  ton. 

145.  Bituminous  coal  delivered  to  the  Rock  Island  Arsenal,  111.,  War  De- 
partment, 1910-11.  Contract  guaranties:  14  per  cent  ash,  "dry  coal";  11,000 
B.  t.  u.,  "  as  received."    Price,  $2.23  per  ton. 

146.  Bituminous  coal  delivered  to  Fort  Sheridan,  111.,  Quartermaster  Corpj^, 
War  Department,  1912-13.  Contract  guaranties :  8  per  cent  moisture,  "  as  re- 
ceived " ;  10  per  cent  ash,  12,800  B.  t.  u.,  "  dry  coal."  Price,  $1.68  per  ton  f.  o.  b. 
mines. 

147.  Bituminous  coal  delivered  to  Fort  Snelllng,  Minn.,  Quartermaster  Corps, 
War  Department,  1912-13.    Contract  guaranties  and  price  same  as  No.  146. 

148.  Bituminous  coal  delivered  to  the  United  States  military  prison,  Fort 
Leavenworth,  Kans.,  Quartermaster  Corps,  War  Department,  1913-14.  Contract 
guaranties :  8  per  cent  moisture,  "  as  received  " ;  38.5  per  cent  volatile  matter, 
0.85  per  cent  sulphur,  8  per  cent  ash,  13,200  B.  t.  u.,  "  dry  coal."  Price,  $1.56 
per  ton  f.  o.  b.  Clinch,  111. 
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149.  Bitominons  coal  delivered  to  Jefferson  Barracks,  Mo.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  9  per  cent  moisture, 
"as  received*';  38.5  per  cent  volatile  matter,  1  per  cent  sulphur,  8  per  cent 
ash,  and  13,200  B.  t.  u.,  "  dry  coal."    Price,  $2.67  per  ton. 

160.  Bituminous  coal  delivered  to  the  naval  training  station  at  Great  Lakes, 
III.,  Navy  Department,  1914-15.  Contract  guaranties :  10  per  cent  moisture,  **  as 
received  " ;  38.5  per  cent  volatile  matter,  1  per  cent  sulphur,  10  per  cent  ash, 
and  12,800  B.  t  u.,  "  dry  coaL"    Price,  $1.23  per  ton  f.  o.  b.  mines. 

161.  Bituminous  coal  delivered  to  the  naval  training  station  at  Great  Iiakes, 
HI.,  Navy  Department,  1912-13.  Contract  guaranties:  10  per  cent  moisture, 
"  as  received  " ;  1.75  per  cent  sulphur,  12  per  cent  ash,  12,500  B.  t  u.,  **  dry  coal." 
Price,  $1.45  per  ton  f.  o.  b.  mines. 

162.  Bituminous  coal  delivered  to  the  naval  training  station  at  Great  Lakes, 
HI.,  Navy  Department,  1912-18.  Contract  guaranties  and  price  same  as 
No.  161. 

168.  Bituminous  coal  delivered  to  the  naval  training  station  at  Great  Lakes, 
111.,  Navy  Department,  1913-14.  Contract  guaranties :  9  per  cent  moisture,  '*  as 
received  " ;  38.5  per  -  cent  volatile  matter,  0.85  per  cent  sulphur,  10  per  cent 
ash,  12,800  B.  t.  u.,  "  dry  coal."    Price,  $1.28  per  ton  f.  o.  b.  mines. 

164.  Bituminous  coal  delivered  to  the  naval  training  station  at  Great  Lakes, 
111.,  Navy  Department,  1912-13.  Contract  guaranties:  10  per  cent  moisture, 
"  as  received  " ;  1.75  per  cent  sulphur,  12  per  cent  ash,  12,500  B.  t  u.,  "  dry  coaL" 
Price,  $1.45  per  ton  f.  o.  b.  mines. 

166.  Bituminous  coal  delivered  to  the  United  States  appraiser's  stores,  St 
Louis,  Mo.,  Treasury  Department,  1911-12.  Contract  guaranties:  14  per  cent 
ash,  "  dry  coal " ;  11,000  B.  t.  u.,  "  as  received."    Price,  $2.08  per  ton. 

166.  Bituminous  coal  delivered  to  the  customhouse,  St.  Louis,  Mo.,  Treasury 
Department,  1911-12.  Contract  guaranties  same  as  No.  155.  Price,  $2.08  p^ 
ton. 

■ 

157.  Bituminous  coal  delivered  to  the  post  office,  St  Louis,  Mo.,  Treasury 
Department,  1913-14.  Contract  guaranties :  13  per  cent  ash,  "  dry  coal " ;  11,370 
B.  t.  u.,  "  as  received."    Price,  $2.19  per  ton. 

168.  Bituminous  coal  delivered  to  the  customhouse,  St.  Louis,  Mo.,  Treasury 
Department,  1913-14.  Contract  guaranties:  13  per  cent  ash,  "dry  coal"; 
11,370  B.  t  u.,  **  as  received."    Price,  $2.19  per  ton. 

169.  Bituminous  coal  delivered  to  the  customhouse,  St.  Louis,  Mo.,  Treasury 
Department,  1914-15.  Contract  guaranties:  40  per  cent  volatile  matter,  3  per 
cent  sulphur,  and  12  per  cent  ash,  "  dry  coal " ;  11,370  B.  t  u.,  **  as  received." 
Price,  $2.12  per  ton. 

160.  Bituminous  coal  delivered  to  the  post  office,  St  Louis,  Mo.,  Treasury 
Department,  1914-15.  Contract  guaranties  same  as  No.  159.  Price,  $2.12 
per  ton. 

161.  Bituminous  coal  delivered  to  the  Rock  Island  Arsenal,  Rock  Island,  BI., 
War  Department,  1911-12.  Contract  guaranties:  10  i)er.cent  ash,  "dry  coal"; 
12,000  B.  t  u.,  "  as  received."    Price,  $3.63  per  ton. 

162.  Bituminous  coal  dellveretl  to  Fort  Benjamin  Harrison,  Ind.,  Quartern- 
master  Corps,  War  Department,  1912-13.  Contract  guaranties:  6  per  cent 
moisture,  "  as  received  " ;  9  per  cent  ash,  13,000  B.  t  u.,  "  dry  coal."  Price,  $1.65 
per  ton  f.  o.  b.  Eldorado,  III. 

168.  Bituminous  coal  delivered  to  Fort  Benjamin  Harrison,  Ind.,  Quarter- 
master Corps,  War  Department,  1913-14.  Contract  guaranties:  8  per  cent 
moisture,  "  as  received  " ;  40  per  cent  volatile  matter,  3  per  cent  sulphur,  9 
per  cent  ash,  13,000  B.  t  u.,  "dry  coal."  Price,  $1.65  per  ton  f.  o.  b.  Eldo- 
rado, IlL 
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164.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Chicago,  111.,  Treasury  Department,  1910-lL  Contract  guaranties:  9.88 
per  cent  ash,  "dry  coal";  12,400  B.  t.  u.,  "as  received."  Price,  |3.33  per 
ton. 

165.  Bituminous  coal  delivered  to*  the  United  States  appraiser's  stores,  Chi: 
cago,  111.,  Treasury  Department,  1910-11.  Contract  guaranties:  9.89  per  cent 
ash,  "  dry  coal " ;  12,400  B.  t.  u.,  "  as  received."    Price,  $3.33  per  ton. 

166.  Bituminous  coal  delivered  to  Fort  Sheridan,  III.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  8  per  cent  ash,  "  dry  coal " ; 
12,260  B.  t.  u.,  "  as  received."    Price,  $3.70  per  ton. 

167.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Chicago,  IlL,  Treasury  Department,  1911-12.  Contract  guaranties:  8.5 
per  cent  ash,  "  dry  coal " ;  12,600  B.  t  u.,  "  as  rec^ved."    Price,  $3.18  per  ton. 

168.  Bitimilnous  coal  delivered  to  the  United  States  appraiser's  stores,  Chi- 
cago, 111.,  Treasury  Department,  1911-12.  Contract  guaranties,  same  as  No. 
167.    Price,  $3.18  per  ton. 

169.  Bituminous  coal  delivered  to  the  post  office,  Chicago,  III.,  Treasury  De- 
partment, 1912-13.  Contract  guaranties:  35  per  cent  volatile  matter,  "dry 
coal";  2.5  per  cent  sulphur,  9  per  cent  ash,  124200  B.  t  u.,  "as  received." 
Price,  $3.10  per  ton. 

170.  Bituminous  coal  delivered  to  the  Rock  Island  Arsenal,  Bock  Island, 
111.,  War  Department,  1914-15.  Contract  guaranties :  8  per  cent  moisture,  "  as 
received".;  38.10  per  cent  volatile  matter,  2.93  per  cent  sulphur,  9.10  per  cent 
ash,  and  12,275  B.  t  u.,  **  dry  coal."    Price,  $2.68  per  ton. 

171.  Bituminous  coal  delivered  to  the  Rock  Island  Arsenal,  Rock  Island,  111., 
War  Department,  1912-13.  Contract  guaranties :  8  per  cent  moisture,  "  as  re*- 
ceived";  9  per  cent  ash,  13,000  B.  t.  u.,  "dry  coal."    Price,  $3.80  per  ton. 

172.  Bituminous  coal  delivered  to  the  Rock  Island  Arsenal,  Rock  Island,  111., 
War  Department,  1913-14.  Contract  guaranties :  4  per  cent  moisture,  "  as  re- 
ceived"; 37.89  per  cent  volatile  matter,  2  per  cent  sulphur,  9  per  cent  ash, 
13,000  B.  t.  u.,  "  dry  coal."    Price,  $3.85  per  ton. 

178.  Bituminous  coal  delivered  to  the  Rock  Island  Arsenal,  Rock  Island,  111., 
War  Department,  1909-10.  Contract  guaranties :  12  per  cent  ash,  "  dry  coal" ; 
10,900  B.  t.  u.,  "  as  received."    Price,  $2.12  per  ton. 

174  and  175.  Bituminous  coal  delivered  to  the  Danville  Branch-  of  the  Na- 
tional Home  for  Disabled  Volunteer  Soldiers,  Danville,  111.  No.  174  was  de- 
livered 4n  1910-11  and  No.  175  in  1911-12.  Contract  guaranties:  18  per  cent 
ash,  "dry  coal";  10,500  B.  t.  u.,  "as  received."  Price,  $1.50  per  ton  (2,000 
pounds). 

176.  Bituminous  coal  delivered  to  the  Danville  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  DanvUle,  111.,  1912-13.  Contract  guaranties: 
13  per  cent  moisture,  "  as  received  " ;  17  per  cent  ash,  11,900  B.  t.  u.,  "  dry  coal." 
Price,  $1.60  per  ton  (2,000  pounds). 

177.  Bituminous  coal  delivered  to  the  Danville  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  Danville,  111.,  1913-14.  Contract  guaranties: 
13  per  cent  moisture,  "  as  received  " ;  40  per  cent  volatile  matter,  3.5  per  cent 
sulphur,  17  per  cent  ash,  12,000  B.  t.  u.,  "  dry  coal."  Price,  $1.60  per  ton  (2,000 
pounds). 

178.  Bituminous  coal  delivered  to  the  Danville  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  Danville,  111.,  1910-11.  Contract  guaranties: 
10  per  cent  ash,  "  dry  coal " ;  12,000  B.  t.  u.,  "  as  received."  Price,  $1.95  per  ton 
(2,000  pounds). 

62773*— 16 5 
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IOWA  COALS. 

194.  Bituminous  coal  delivered  to  Fort  Crook,  Nebr.,  Quartermaster  Corps, 
War  Department,  1912-13.     Contract  guaranties:  8  per  cent  moisture,  "as 

£  received  " ;  15  per  cent  ash,  12,500  B.  t  u.,  "  dry  coal,'*    Price,  $2,958  per  ton. 

E 

I  KANSAS  COALS. 

195.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  5  per  cent  moisture,  "as 
received  " ;  12  per  cent  ash,  13,000  B.  t.  u.,  "  dry  coal."  Price,  $4.37  per  ton 
($2.94  per  ton  at  Mineral,  Kans). 

196.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quartermaster  Corps, 
War  Department,  1913-14.  Contract  guaranties:  5  i)er  cent  moisture,  "as 
received";  35  per  cent  volatile  matter,  5  per  cent  sulphur,  15  per  cent  ash, 
12,500  B.  t  u.,  "  dry  coal."    Price,  $2.98  per  ton  f.  o.  b.  Mineral,  Kans. 

197.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  10  per  cent  ash,  "  dry  coal " ; 
13,000  B.  t.  u.,  "  as  received."    Price,  $3.08  per  ton  f.  o.  b.  Mineral,  Kans. 

198.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  18  per  cent  ash,  "  dry  coal " ; 
11,500  B.  t.  u.,  "  as  received."    Price,  $2.41  per  ton  f.  o.  b.  Mineral,  Kans. 

199.  Bituminous  coal  delivered  to  the  post  office,  Omaha,  Nebr.,  Treasury  De- 
partment, 1914-15.  Contract  guaranties:  40  per  cent  volatile  matter,  3  i^r 
cent  sulphur,  and  12  per  cent  ash,  "  dry  coal " ;  12,000  B.  t  u.,  "  as  received." 
Price,  $4.74  per  ton. 

200.  Bituminous  coat  delivered  to  the  United  States  courthouse  and  post 
office,  Omaha,  Nebr.,  Treasury  Department,  1908-9.  Contract  guaranties:  11 
per  cent  ash,  "  dry  Ooal  " ;  12,000  B.  t.  u.,  "  as  received."    Price,  $4.41  per  ton. 

801.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Omaha,  Nebr.,  Treasury  Department,  1909-10.  Contract  guaranties:  11 
per  cent  ash,  "  dry  coal " ;  12,000  B.  t.  u.,  "  as  re<feived."    Price,  $4.64  per  ton. 

202.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Omaha,  Nebr.,  Treasury  Department,  1910-11.  Contract  guaranties  same 
as  No.  201.    Price,  $5.19  per  ton. 

208.  Bituminous  coal  delivered  to  Fort  Leavenworth,  Kans.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  10  per  cent  moisture, 
"  as  received  " ;  15  per  cent  ash,  12,500  B.  t  u.,  "  dry  coal."    Price,  $3.08  per  ton. 

204.  Bituminous  coal  delivered  to  Fort  Leavenworth,  Kans.,  Quartermaster 
Corps,  "War  Department,  1911-12.  Contract  guaranties :  15  per  cent  ash,  "  dry 
coal " ;  10,700  B.  t.  u.,  "  as  received."    Price,  $3.70  per  ton. 

206.  Bituminous  coal  delivered  to  the  United  States  military  prison,  Fort 
Leavenworth,  Kans.,  Quartermaster  Corps,  War  Department,  1911-12.  Con- 
tract guaranties :  11  per  cent  ash,  "  dry  coal " ;  11,100  B.  t.  u.,  "  as  received." 
Price,  $2.74  per  ton. 

208.  Bituminous  coal  delivered  to  Fort  Leavenworth,  Kans.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties :  10  per  cent  moisture, 
"  as  received  " ;  35  per  cent  volatile  matter,  5  per  cent  sulphur,  15  per  cent  ash, 
12,500  B.  t  u..  "  dry  coal."    Price,  $2.90  per  ton. 

207.  Bituminous  coal  delivered  to  the  United  States  penitentiary,  Leaven- 
worth, Kans.,  Department  of  Justice,  1914-15.  Contract  guaranties  same  as 
No.  206.    Price,  $2.79  per  ton. 

208.  Bituminous  coal  delivere*!  to  the  United  States  military  prison.  Fort 
Leavenworth,  Kans.,  Quartermaster  Corps,  War  Department,  1914-15.    Contract 
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179.  Bituminous  coal  delivered  to  the  Danville  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  Danville,  III.,  1914-15.  Ck»ntract  guaranties: 
18  per  cent  moisture,  "  as  received  " ;  40  per  cent  volatile  matter,  3.5  per  cent 
sulphur,  17  per  <cent  ash,  and  12,000  B.  t.  u.,  *'  dry  coal."  Price  $1.60  per  ton 
(2,000  pounds). 

180.  Bituminous  coal  delivered  to  Fort  Des  Moines,  Iowa,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  9  per  cent  ash,  "  dry- 
coal  " ;  12,771  B.  t.  u.,  "as  received."    Price,  $1.80»per  ton  f .  o.  b.  Carterville,  111. 

181.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quartermaster  Corps, 
War  Department,  1914-15.  Contract  guaranties:  5.6  per  cent  moisture,  "as 
received  " ;  29.39  per  cent  volatile  matter,  0.7  per  cent  sulphur,  8.51  per  cent  ash, 
and  18,500  B.  t.  u.,  "  dry  coal."    Price,  $1.56  per  ton  f .  o.  b.  Carterville,  111. 

188.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quartermaster  Corps, 
War  Department,  1914-15.  Contract  guaranties:  5.6  per  cent  moisture,  "as 
received  " ;  29.39  per  cent  volatile  matter,  0.7  per  cent  sulphur,  8.51  per  cent  osh, 
and  13,500  B.  t  u.,  "  dry  coal."    Price,  $0.98  per  ton  f .  o.  b.  Carterville,  111. 

183.  Bituminous  coal  delivered  to  Fort  Des  Moines,  Iowa,  Quartermaster 
Corps,  War  D^;>artment,  1912-13.  Contract  guaranties:  5.5  per  cent  moisture, 
*'  as  received  " ;  9.5  per  cent  ash,  13,600  B.  t.  u.,  "  dry  coal."  Price,  $1.79  per 
ton  f .  o.  b.  Johnson  City,  lU. 

184.  Bituminous  coal  delivered  to  United  States  military  prison,  Leaven- 
worth, Kans.,  Quartermaster  Corps,  War  Department,  1912-13.  Contract  guar- 
anties :  6  per  cent  moisture,  "  as  received  " ;  9  per  cent  ash,  13,600  B.  t  u.,  "dry 
coal."    Price,  $1.76  per  ton  f.  o.  b.  Johnson  City,  111. 

186.  Bituminous  coal  delivered  to  Fort  Omaha,  Nebr.,  Quartermaster  Corps, 
War  Department,  19112-13.    Contract  guaranties  and  price  same  as  No.  183. 

186.  Bituminous  coal  delivered  to  Fort  Crook,  Nebr.,  Quartermaster  Corps, 
War  Department,  1912-13.    Contract  guaranties  and  price  same  as  No.  183. 

187.  Bituminous  coal  delivered  to  Fort  SnelUng,  Minn.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  7.5  per  cent  moisture, 
"  as  received  " ;  8.5  per  cent  ash,  13,310  B.  t.  u.,  **dry  coal."  Price,  $1.70  per  ton 
f.  o.  b.  Johnson  City,  III. 

188.  Bituminous  coal  delivered  to  Fort  Sheridan,  111.,  Quartermaster  Corps, 
War  Department,  1913-14.  Contract  guaranties  same  as  No.  187.  Price,  $1.56 
per  ton  f.  o.  b.  Johnson  City,  111. 

188.  Bituminous  coal  delivered  to  Fort  Crook,  Nebr.,  Quartermaster  Corps, 
War  Department,  1914-15.  Contract  guaranties:  8.5  per  cent  moisture,  "as 
received";  35  per  cent  volatile  matter,  1  per  cent  sulphur,  10.5  per  cent  ash, 
and  12,800  B.  t  u.,  "  dry  coal."    Price,  $1.23  per  ton  f.  o.  b.  Johnson  City,  III. 

190.  Bituminous  coal  delivered  to  the  depot  quartermaster,  St.  Louis,  Ma, 
Quartermaster  Corps,  War  Department,  1912-13.  Contract  guaranties:  10  per 
cent  moisture,  "as  received";  15  per  cent  ash,  12,500  B.  t  u.,  "dry  coaL" 
Price,  $3.32  per  ton. 

INDIANA  COALS. 

191  Bituminous  coal  delivered  to  Fort  Benjamin  Harrison,  Ind.,  Quarter- 
master Corps,  War  Department,  1911-12.  Contract  guaranties:  9.3  per  cent 
ash,  "dry  coal";  11,700  B.  t.  u.,  "as  received."    Price,  $2.47  per  toa 

198.  Bituminous  coal  delivered  to  the  post  office,  Chicago,  111.,  Treasury  De- 
partment, 1913-14.  Contract  guaranties:  8  per  cent  ash,  "dry  coal";  12,500 
B.  t  u.,  "  as  received."    Price,  $3.21  per  ton. 

198.  Bituminous  coal  delivered  to  the  quartermaster  depot,  Jeffersonville, 
Jnd.,  Quartermaster  Corps,  War  Department,  1913-14. 
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IOWA  COALS. 

194.  Bituminous  coal  delivered  to  Fort  Crook,  Nebr.,  Quartermaster  Ck»rps, 
War  Department,  1912-13.  Contract  guaranties:  8  per  cent  moisture,  "as 
received  " ;  15  per  cent  ash,  12,500  B.  t  u.,  "  dry  coaL"    Price,  $2.d58  per  ton. 

KANSAS  COAt.S. 

195.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  5  per  cent  moisture,  **as 
received";  12  per  cent  ash,  13,000  B.  t.  u.,  "dry  coal."  Price,  $4.37  per  ton 
($2.94  per  ton  at  Mineral,  Kans). 

196.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quartermaster  Corps, 
War  Department,  1913-14.  Contract  guaranties :  5  i)er  cent  moisture,  "  as 
received";  35  per  cent  volatile  matter,  5  per  cent  sulphur,  15  per  cent  ash, 
12,500  B.  t.  u.,  "  dry  coal."    Price,  $2.98  per  ton  f.  o.  b.  Mineral,  Kans. 

197.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  10  per  cent  ash,  "  dry  coal  " ; 
13,000  B.  t.  u.,  "  as  received."    Price,  $3.08  per  ton  f.  o.  b.  Mineral,  Kans. 

198.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  18  per  cent  ash,  "  dry  coal " ; 
11,500  B.  t.  u.,  "  as  received."    Price,  $2.41  per  ton  f.  o.  b.  Mineral,  Kans. 

199.  Bituminous  coal  delivered  to  the  post  office,  Omaha,  Nebr.,  Treasury  De- 
partment, 1914-15.  Contract  guaranties:  40  per  cent  volatile  matter,  3  i3er 
cent  sulphur,  and  12  per  cent  ash,  "  dry  coal " ;  12,000  B.  t  u.,  "  as  received." 
Price,  $4.74  per  ton. 

200.  Bituminous  coal'  delivered  to  the  United  States  courthouse  and  post 
office,  Omaha,  Nebr.,  Treasury  Department,  1908-9.  Contract  guaranties :  11 
per  cent  ash,  "  dry  <5oal  " ;  12,000  B.  t.  u.,  "  as  received."    Price,  $4.41  per  ton. 

801.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Omaha,  Nebr.,  Treasury  Department,  1909-10.  Contract  guaranties:  11 
per  cent  ash,  "  dry  coal  " ;  12,000  B.  t.  u.,  "  as  received."    Price,  $4.64  per  ton. 

202.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Omaha,  Nebr.,  Treasury  Department,  1910-11.  Contract  guaranties  same 
as  No.  201.    Price,  $5.19  per  ton. 

208.  Bituminous  coal  delivered  to  Fort  Leavenworth,  Kans.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  10  per  cent  moisture, 
"  as  received  " ;  15  per  cent  ash,  12,500  B.  t  u.,  '*  dry  coal."    Price,  $3.08  per  ton. 

204.  Bituminous  coal  delivered  to  Fort  Leavenworth,  Kans.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  15  per  cent  ash,  "  dry 
coal " ;  10,700  B.  t.  u.,  "  as  received."    Price,  $3.70  per  ton. 

205.  Bituminous  coal  delivered  to  the  United  States  military  prison.  Fort 
Leavenworth,  Kans.,  Quartermaster  Corps,  War  Department,  1911-12.  Con- 
tract guaranties :  11  per  cent  ash,  "  dry  coal " ;  11,100  B.  t.  u.,  "  as  received." 
Price,  $2.74  per  ton. 

206.  Bituminous  coal  delivered  to  Fort  Leavenworth,  Kans.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties :' 10  per  cent  moisture, 
"  as  received  " ;  35  per  cent  volatile  matter,  5  per  cent  sulphur,  15  per  cent  ash, 
12,500  B.  t.  u.,  "  dry  coal."    Price,  $2.90  per  ton. 

207.  Bituminous  coal  delivered  to  the  United  States  penitentiary,  Leaven- 
worth, Kans.,  Department  of  Justice,  1914-15.  Contract  guaranties  same  as 
No.  206.    Price,  $2.79  per  ton. 

208.  Bituminous  coal  del!vere<l  to  the  United  States  military  prison,  Fort 
Leavenworth,  Kans.,  Quartermaster  Corps,  War  Department,  1914-15.    Contract 
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guaranties :  9  per  cent  moisture,  "  as  received  " ;  40  per  cent  volatiie  matter,  5 
per  cent  sulphur,  15  per  cent  ash,  12,500  B.  t.  u.,  "dry  coaL"  Price,  $2.90 
per  ton.  ^ 

209.  Bituminous  coal  delivered  to  Fort  Leavenworth,  Kans.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  10  per  cent  moisture, 
**  as  received  " ;  40  per  cent  volatile  matter,  5  ]^t  cent  sulphur,  15  per  cent  ash, 
12,500  B.  t.  u.,  "  dry  coal."    Price,  $3  per  ton. 

210.  Bituminous  coal  delivered  to  the  United  States  penitentiary,  Leaven- 
worth, Kans.,  Department  of  Justice,  1912-13.  Contract  guaranties:  9.5  per 
cent  moisture,  *'  as  received  " ;  35  per  cent  volatile  matter,  5  per  cent  sulphur, 
16  per  cent  ash,  12,000  B.  t  u.,  "  dry  coal."    Price,  $2.86  per  ton. 

211.  Bituminous  coal  delivered  to  the  United  States  penitentiary,  Leaven- 
worth, Kans.,  Department  of  Justice,  1913-14.  Contract  guaranties :  10  per  cent 
moisture,  "  as  received  " ;  40  per  cent  volatile  matter,  5  per  cent  sulphur,  16  per 
cent  ash,  12,000  B.  t.  u.,  "  dry  coal."    Price,  $2.86  per  ton. 

KENTUCKY  COALS. 

212.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Memphis,  Tenn.,  Treasury  Department,  1910-11.  Contract  guaranties: 
4.45  per  cent  ash,  "dry  coal";  14,115  B.  t.  u.,  "as  received."  Price,  $4.60 
per  ton. 

218.  Bituminous  coal  delivered  to  Fort  McPherson,  Ga.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  4  per  cent  moisture, 
"  as  received  " ;  4  per  cent  ash,  14,400  B,  t.  u.,  "  dry  coal."    Price,  $3.02  per  ton. 

214.  Bituminous  coal  delivered  to  the  post  office,  Memphis,  Tenn.,  Treasury 
Department,  1913-14.    Price,  $4.50  per  ton. 

216.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Louisville,  Ky.,  Treasury  Department,  1911-12.  Contract  guaranties:  8 
per  cent  ash,  "  dry  coal  " ;  14,000  B.  t.  u.,  "  as  received."    Price,  $2.30  per  ton.  • 

216.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Louisville,  Ky.,  Treasury  I>epartment,  1910-11.  Contract  guaranties: 
10  per  cent  ash,  "  dry  coal  " ;  13,400  B.  t.  u.,  "  as  received."    Price,  $2.35  per  ton, 

217.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Louisville,  Ky.,  Treasury  Department,  1907-8.  Contract  guaranties: 
11.5  per  cent  ash,  "dry  coal";  12,200  B.  t  u.,  "as  received."  Price,  $1.95 
per  ton. 

218.  Bituminous  coal  delivered  to  the  Jeffersonville  depot,  Indiana,  Quar- 
termaster Corps,  War  Department,  1913-14.    Price,  $2.33  per  ton. 

219.  Bituminous  coal  delivered  to  the  United  States  engineer  office  at  Green- 
ville and  Vlcksburg,  Miss.,  and  the  mouth  of  the  W^hite  River,  Ark.,  War  De- 
partment, 1913-14,  Contract  guaranties:  3.04  per  cent  moisture,  "as  re- 
ceived " ;  39.5  per  cent  volatile  matter,  3.11  per  cent  sulphur,  8.5  per  cent  ash, 
13,000  B.  t.  u.,  "dry  coal."    Price,  $2.50  per  ton  (2,000  pounds). 

220.  Bituminous  coal  delivered  to  the  United  States  engineer  office.  White 
River,  Ark.,  and  Greenville  and  Vlcksburg,  Miss.,  War  Department,  1914-15. 
Contract  guaranties :  3.6  per  cent  moisture,  "  as  received  " ;  39.5  per  cent  volatile 
matter,  3.1  per  cent  sulphur,  9  per  cent  ash,  13,200  B.  t  u.,  "  dry  coaL"  Price, 
$2.75  per  ton  (2,000  pounds). 

221.  Bituminous  coal  delivered  to  the  quartermaster  depot,  JefTersonville, 
Ind.,  Quartermaster  Corps,  War  Department,  1914-15.  CJontract  guaranties: 
4.09  per  cent  moisture,  "  as  received  " ;  35.54  per  cent  volatile  matter,  1.1  per 
cent  sulphiu",  7.79  per  cent  ash,  and  13,737  B.  t  u.,  "dry  coal."  Price,  $2.33 
per  ton. 
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282.  Bituminous  coal  delivered  to  Fort  McPherson,  6a.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  2.5  per  cent  moisture, 
"as  received";  5  per  cent  asli,  14300  B.  t.  u.,  "dry  coal."  Price,  $3.80 
per  ton. 

228.  Bituminous  coal  delivered  to  Fort  McPherson,  Ga.,  Quartermaster 
Corps,  War  Department,  1913-14,  Contract  guaranties:  2.5  per  cent  moisture, 
"  as  received  " ;  4  per  cent  ash,  14,400  B.  t.  u,,  "  dry  coal."    Price,  $3.57  per  ton. 

MARYLAND  COALS. 

224.  Semibituminous  coal  delivered  to  Fort  Howard,  Md.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  2.5  per  cent  moisture, 
"  as  received  " ;  7.5  per  cent  ash,  14,500  B.  t.  u.,  "  dry  coal."    Price,  $4.35  per  ton. 

225.  Semibituminous  coal  delivered  to  the  third  lighthouse  district,  Tomp- 
kinsville,  N.  T.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1913-14. 
Contract  guaranties :  22  per  cent  volatile  matter,  2  per  cent  sulphur,  7  per  cent 
ash,  14,000  B.  t  u.,  "  dry  coal."    Price,  $4.45  per  ton. 

226.  Semibituminous  coal  delivered  to  the  Government  Hospital  for  the 
Insane,  Washington,  D.  C,  Department  of  the  Interior,  1913-14.  Contract  guar- 
anties :  1.25  per  cent  moisture,  "  as  received  " ;  8  per  cent  ash,  14,000  B.  t.  u., 
"  dry  coal."    Price  $3.35  per  ton. 

227.  Semibituminous  coal  delivered  to  Fort  Washington,  Md.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  7  per  cent  ash,  "dry 
coal " ;  14,250  B.  t.  u.,  "  as  received."    Price,  $4.09  per  ton. 

228.  Semibituminous  coal  delivered  to  the  naval  hospital,  Washington,  D.  C, 
Navy  Department,  1912-13.  Contract  guaranties:  8  per  cent  moisture,  "as 
received  " ;  19.5  per  cent  volatile  matter,  1.1  per  cent  sulphur,  7.5  per  cent  ash, 
14,300  B.  t.  u.,  "  dry  coal."    Price,  $3.55  l)er  ton. 

229.  Semibituminous  coal  delivered  to  the  Columbia  Institution  for  the  Deaf, 
Kendall  Green,  D.  C,  1912-13.    Contract  guaranties  and  price  same  as  No.  228. 

230.  Semibituminous  coal  delivered  to  the  sewage  pumping  station,  Wash- 
ington, D.  C,  1912-13.  Contract  guaranties :  3  per  cent  moisture,  "as  received" ; 
7.5  per  cent  ash,  14,400  B.  t.  u.,  "  dry  coal."    Price,  $3.17  per  ton. 

231.  Semibituminous  coal  delivered  to  the  naval  hospital,  Washington,  D.  C, 
Navy  Department,  1913-14.  Contract  guaranties :  3  per  cent  moisture,  "  as  re- 
ceived " ;  19.5  per  cent  volatile  matter,  1.1  per  cent  sulphur,  8  per  cent  ash,  14,250 
B*  t.  u.,  "  dry  coal."    Price,  $3.70  per  ton. 

282.  Semibituminous  coal  delivered  to  the  sewage  pumping  station,  Wash- 
ington, D.  C,  1913-14.  Contract  guaranties  same  as  No.  231.  Price,  $3.32 
per  ton. 

283.  Semibituminous  coal  delivered  to  the  Weather  Bureau,  Bluemont,  Va., 
Department  of  Agriculture,  1913-14.  Contract  guaranties :  3  per  cent  moisture, 
"as  received";  19.5  per  cent  volatile  matter,  1.1  per  cent  sulphur,  7  per  cent 
ash,  14,350  B.  t.  u.,  "dry  coal."    Price,  $4  per  ton. 

284.  Semibituminous  coal  delivered  to  the  Columbia  Institution  for  the  Deaf, 
Washington,  D.  C,  1913-14.  Contract  guaranties  same  as  No.  231.  Price, 
$3.70  per  ton. 

286.  Semibituminous  coal  delivered  to  the  navy  yard  at  Philadelphia,  Pa., 
Navy  Department,  1914-15.  Contract  guaranties :  1.50  per  cent  moisture,  "  as 
received";  19.29  per  cent  volatile  matter,  1  per  cent  sulphur,  7.61  per  cent 
ash,  14,533  B.  t.  u.,  "dry  coal."  Price,  $2.92  per  ton  f.  o.  b.  vessels  at  coal 
piers,  $3.09  per  ton  f.  o.  b.  barges  alongside  navy  yard,  and  $3.25  per  ton  f.  o.  b. 
cnrs  at  navy  yard. 
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286.  Semibituminous  coal  delivered  to  the  United  States  Naval  Academy, 
Annapolis,  Md«,  Navy  Department,  1914-15.  Contract  guaranties  same  as  No. 
235.  Price,  $3.15  per  ton  at  wharf,  Naval  Academy,  and  $3.65  per  ton  stored 
aboard  or  ashore. 

237.  Semibituminous  coal  delivered  to  the  sewage  pumping  station,  Wash- 
ington, D.  C,  1914-15.  Contract  guaranties:  3  per  cent  moisture,  "as  re- 
ceived " ;  19.50  per  cent  volatile  matter,  1.10  per  cent  sulphur,  8  per  cent  ash, 
14,280  B,  t.  u.,  "  dry  coal."    Price,  $3.40  per  ton. 

288.  Semibituminous  coal  delivered  to  the  naval  hospital,  Washington,  D.  C, 
Navy  Department,  1914-15.    Price,  $3.87  per  ton. 

289.  Semibituminous  coal  delivered  to  the  District  of  Columbia  Workhouse, 
Occoquan,  Va.,  1914-15.  Contract  guaranties:  3  per  cent  moisture,  ••as  re- 
ceived"; 19.50  per  cent  volatile  matter,  1.10  per  cent  sulphur,  8  per  cent  ash, 
14,250  B.  t.  u.,  "  dry  coal."    Price,  $3.49  per  ton. 

240.  Semibituminous  coal  delivered  to  the  Columbia  Institute  for  the  Deaf, 
Washington,  D.  C,  1914-15.  Contract  guaranties  same  as  No.  239.  Price, 
$3.70  per  ton. 

241.  Semibituminous  coal  delivered  to  the  United  States  Navy,  Curtis  Bay, 
Md.,  Navy  Department,  1914-15.  Contract  guaranties:  1.50  per  cent  moisture, 
**  as  received  " ;  19.29  per  cent  volatile  matter,  1  per  cent  sulphur,  7.61  per  cent 
ash,  14,533  B.  t.  u.,  "  dry  coal."    Price,  $2.85  per  ton. 

242.  Semibituminous  coal  delivered  to  the  Naval  Academy,  Annapolis,  Md., 
Navy.  Department,  1913-14.  Contract  guaranties :  2  per  cent  moisture,  "  as 
received  " ;  19  per  cent  volatile  matter,  1.25  per  cent  sulphur,  8  per  cent  ash, 
14,400  B.  t  u.,  "  dry  coal."    Price,  $3.01  per  ton. 

248.  Semibituminous  coal  delivered  to  the  naval  engineering  experiment  sta- 
tion, Annapolis,  Md.,  Navy  Department,  1913-14.  Contract  guaranties  same  as 
No.  242.    Price,  $3.03  per  ton. 

244.  Semibituminous  coal  delivered  to  the  Government  Hospital  for  the 
Insane,  Washington,  D.  C,  Department  of  the  Interior,  1914-15.  Contract 
guaranties :  2.5  per  cent  moisture,  "  as  recelvetl " ;  19  per  cent  volatile  matter, 
1.2.'i  per  cent  sulphur,  7  per  cent  ash,  14,500  B.  t.  u.,  "  dry  conL"  Price,  $3.06  per 
ton. 

245.  Semibituminous  coal  deliveretl  to  the  United  States  Naval  Academy, 
Annapolis,  Md.,  Navy  Department,  1914-15.  Contract  guaranties':  2.5  per  cent 
moisture,  "  as  received  " ;  19  per  cent  volatile  matter,  1.25  per  cent  sulphur,  8 
per  cent  ash,  14,400  B.  t.  u.,  "dry  coal."  Price,  .$3.04  per  ton  by  water.  $3.05 
per  ton  by  rail. 

246.  Semibituminous  coal  delivered  to  the  fifth  ligh'thouse  district,  Balti- 
more, Md.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1914-15.  Contract 
guaranties :  2.5  per  cent  moisture,  "  as  received  " ;  19  per  cent  volatile  matter, 
1  per  cent  sulphur,  7  per  cent  ash,  14,400  B.  t.  u.,  "dry  coaL"  Price,  $2.94 
per  ton. 

247.  Semibituminous  coal  delivered  to  the  naval  hospital,  Washington,  D.  C, 
Navy  Department,  1910-11.  Contract  guaranties :  7  per  cent  ash,  "  dry  coal  " ; 
14,200  B.  t.  u.,  "  as  received."    Price,  $3.37  per  ton. 

248.  Semibituminous  coal  delivered  to  Fort  Constitution,  N.  H.,  Quarter- 
ma.ster  Corps,  War  Department,  1911-12.  Contract  guaranties :  9  per  cent  ash, 
"  dry  coal  " ;  14,000  B.  t.  u.,  "  as  received."    Price,  $4.35  per  ton. 

249.  Semibituminous  coal  delivered  to  Fort  Strong,  Mass.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  8  per  cent  ash,  "dry 
coal  " ;  14,000  B.  t.  u.,  "  as  received."    Price,  $5.05  per  ton. 

260.  Semibituminous  coal  delivered  to  Fort  Warren,  Mass.,  Quartermaster 
Corps,  War  Dt^partraent,  1912-13.     Contract  guaranties:  2  per  cent  moisture. 
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^*  as  received  " ;  22  per  cent  volatile  matter,  2  per  cent  sulphur,  8  per  cent  ash, 
14,200  B.  t  u..  "  dry  coal."    Price,  $5.29  per  ton. 

251.  Semibituminous  coal  delivered  to  Fort  Strong,  Mass.,  Quartermaster 
Ck)rps,  War  Department,  1912-13.  Ck)ntract  guaranties:  2  per  cent  moisture, 
"as  received";  8  per  cent  ash,  14,200  B.  t.  u.,  "dry  coal."  Price,  $5.29 
per  ton. 

252.  Semibituminous  coal  delivered  to  Fort  Constitution,  N.  H.  (for  vessels), 
Quartermaster  Corps,  War  Department,  1913-14.  Contract  guaranties:  2  per 
cent  moisture,  "as  received";  8.5  per  cent  ash,  14,100  B.  t.  u.,  "dry  coal." 
Price,  $4.70  per  ton  delivered  at  Portsmouth,  N.  H. 

253.  Semibituminous  coal  delivered  to  the  Government  Hospital  for  the 
Insane,  Washington,  D.  C,  Department  of  the  Interior,  1912-13.  Contract 
guaranties :  3  per  cent  moisture,  "  as  received  " ;  10  per  cent  ash,  14,000  B.  t.  u., 
"  dry  coal."    Price,  $2.75  per  ton. 

254.  Semibituminous  coal  delivered  to  the  Gk)vernment  Hoeqpital  for  the 
Insane,  Washington,  D.  C,  Department  of  the  Interior,  1913-14.  Contract 
guaranties :  2  per  cent  moisture,  "  as  received  " ;  7  per  cent  ash,  14,000  B.  t  u., 
"  dry  coal."    Price,  $2.90  per  ton. 

MICHIGAN    COALS. 

» 

256.  Bituminous  coal  delivered  to  the  United  States  Indian  school,  Mount 
Pleasant,  Mich.,  Office  of  Indian  Affairs,  Department  of  the  Interior,  1910-11. 
Contract  guaranties :  8.5  per  cent  ash  "  dry  coal " ;  11,675  B.  t  u.,  "  as  re- 
ceived."   Price  $3.29  per  ton  (2,000  pounds). 

MISSOURI    COALS. 

256.  Bituminous  coal  delivered  to  Fort  Crook,  Nebr.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  14  per  cent  ash,  "  dry  coal " ; 
10,600  B.  t.  u.,  "  as  received."    Price,  $4.25  per  ton. 

MONTANA   COALS. 

257.  Subbltuminous  coal  delivered  to  the  post  office,  Helena,  Mont,  Treasury 
Department,  1910-11.  Contract  guaranties :  10  per  cent  ash,  "  dry  coal " ; 
10,940  B.  t.  u.,  "  as  received."    Price,  $3.36  per  ton. 

258.  Subbltuminous  coal  delivered  to  Fort  Missoula,  Mont.,  Quartermast^ 
Corps,  War  Department,  1911-12.  Contract  guaranties:  10.49  per  cent  ash, 
"dry  coal";  10,922  B.  t.  u.,  "as  received."  Price,  $2.80  and  $3.08  per  ton 
f.  o.  b.  mines  (according  to  months  of  delivery). 

259.  Subbltuminous  coal  delivered  to  Fort  William  Henry  Harrison,  Mont., 
Quartermaster  Corps,  War  Department,  1911-12.  Contract  guaranties  same  as 
No.  258.    Price,  $2.80  and  $3.08  f.  o.  b.  mines  (according  to  months  of  delivery). 

260.  Subbltuminous  coal  delivered  to  Fort  Missoula,  Mont,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties :  8.62  per  cent  moisture, 
"  as  received" ;  8.25  per  cent  ash,  12,980  B.  t.  u.,  "  dry  coal."  Price,  $3,696  and 
$3,976  pet  ton  (according  to  months  of  delivery). 

261.  Subbltuminous  coal  delivered  to  Fort  Yellowstone,  Wyo.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties :  8.62  per  cent  moisture, 
"  as  received" ;  8.25  per  cent  ash,  12,980  B.  t.  u.,  "  dry  coal."  Price,  $2,856  per 
ton  for  July,  August,  and  March  to  .Tune  Inclusive,  and  $3,136  per  ton  for  Sep- 
tember to  February,  Inclusive,  f.  o.  b.  mines. 
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119.  Bituminous  coal  delivered  to  the  mint  Imllding,  Denver,  Colo.,  Treasury 
Department,  1914-15.  Contract  guaranties:  5  per  cent  ash  and  13,000  B.  L  u., 
"  dry  coal."    Price,  $4.19  per  ton. 

180.  Subbituminous  coal  delivered  to  the  mint  building,  Denver,  Colo.,  Treas- 
ury Department,  1914-15.  Contract  guaranties,  same  as  No.  119.  Price,  $8.50 
per  ton. 

GEORGIA  COALS. 

121.  Semibituminous  coal  delivered  to  Fort  Oglethorpe,  Ga.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  6  per  cent  ash,  "dry 
coal" ;  14,590  B.  t.  u.,  "  as  received."    Price,  $3.36  per  ton. 

122.  Semibituminous  coal  delivered  to  Fort  Oglethorpe,  Ga.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  1  per  cent  moisture, 
"as  received";  22  per  cent  volatile  matter,  1.50  per  cent  sulphur,  7  per  cent 
ash,  and  14,000  B.  t.  u.,  "  dry  coal."    I'rice,  $3.58  per  ton. 

ILLINOIS  COALS. 

128.  Bituminous  coal  delivered  to  the  new  post-office  building,  St.  Louis,  Mo., 
Treasury  Department,  1911-12.  Contract  guaranties:  12  per  cent  ash,  "dry 
coal" ;  11,500  B.  t.  u.,  "  as  received."    Price,  $2.20  per  ton. 

124.  Bituminous  coal  delivered  to  United  States  appraiser's  stores,  Chicago, 
III.,  Treasury  Department, •  1909-10.  Contract  guaranties:  8.9  per  cent  ash, 
"  dry  coal" ;  12,136  B.  t.  u.,  "  as  recelveil."    Price,  $3.04  per  ton. 

125.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post- 
offlce  building,  Chicago,  111.,  Treasury  Department,  1909-10.  Contract  guar- 
anties: 8.9  per  cent  ash,  "dry  coal";  12,136  B.  t.  u.,'"as  received."  Price, 
$3.04  per  ton. 

126.  Bituminous  coal  delivereil  to  the  customhouse,  St.  Louis,  Mo.,  Treasury 
Department,  1912-13.  Contract  guaranties:  40  per  cent  volatile  matter,  3  per 
cent  sulphur,  11  per  cent  ash,  "  dry  coal" ;  12,400  B.  t.  u..  "  as  received."  Price, 
$2.39  per  ton. 

127.  Bituminous  coal  delivered  to  the  post-office  building,  St.  Louis,  Mo., 
Treasury  Department,  1912-13.  Contract  guaranties,  same  as  No.  126.  Price, 
$2.39  per  ton. 

128.  Bituminous  coal  delivered  to  the  Army  Building,  St.  Paul,  Minn.,  Quar- 
master  Corps,  War  Department,  1911-12.  Contract  guaranties :  10  per  cent  ash, 
"dry  coal";  11,515  B.  t.  u.,  "as  received."  Price,  $2.07  per  ton  f.  o.  b.' 
Christopher,  111. 

129.  Bituminous  coal  delivered  to  the  depot  quartermaster,  Omaha,  Nebr., 
Quartermaster  Corps,  War  Department,  1911-12.  Contract  guaranties:  9  per 
cent  ash,  "  dry  coal  " ;  12,500  B.  t.  u.,  "  as  received."  Price,  $3.37  per  ton  f.  o.  b. 
cars  Christopher,  111.,  including  storage  charges  at  Omaha. 

130.  Bituminous  coal  delivere<l  to  the  depot  quartermaster,  Omaha,  Nebr., 
Quartermaster  Corps,  War  Department,  1912-13.  Contract  guaranties:  8  per 
cent  moisture,  "  as  received  " ;  9  per  cent  ash,  13,000  B.  t.  u.,  "  dry  coal."  Price, 
$6.28  per  ton,  delivered  in  residences. 

131.  Bituminous  coal  delivered  to  the  depot  quartermaster,  Omaha,  Nebr., 
Quartermaster  Corps,  War  Department,  1912-13.  Contract  guaranties:  8  per 
cent  moisture,  "  as  received  " ;  10  per  cent  ash,  12,800  B.  t.  u.,  "  dry  coal." 
Price,  $1.68  per  ton  f.  o.  b.  Christopher,  111. 

132.  Bituminous  coal  delivered  to  the  post-office  building,  Omaha,  Nebr., 
Treasury  Department,  1913-14.  Contract  guaranties:  9  per  cent  ash,  "dry 
coal  " ;  12,500  B.  t.  u.,  "  as  received."    Price,  $4.97  per  ton. 
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133.  Bituminous  coal  delivered  to  the  Army  Building,  St.  Paul,  Minn.,  Quar- 
termaster <3orps.  War  Department,  1913-14.  CJontract  guaranties :  7  per  cent 
moisture,  "  as  received  " ;  31.5  per  cent  volatile  matter,  4.3  per  cent  sulphur. 
10  per  cent  ash,  13,172  B.  t.  u.,  "  dry  coal."    Price,  $1.80  per  ton  f.  o.  b.  mines. 

184.  Bituminous  coal  delivered  to  JeffersoQ  Barracks,  Mo.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  10  per  cent  moisture, 
"as  received";  13  per  cent  ash,  12,500  B.  t.  u.,  "dry  coal."  Price,  $2.49 
per  ton. 

135.  Bituminous  coal  delivered  to  the  United  States  appraiser's  stores,  St. 
Louis,  Mo.,  Treasury  Department,  1910-11.  Contract  guaranties:  10  per  cent 
ash,  "  dry  coal " ;  12,000  B.  t  u.,  "  as  received."    Price,  $2.58  per  ton. 

186.  Bituminous  coal  delivered  to  the  customhouse,  St.  Louis,  Mo.,  Treasury 
Department,  1910-11.  Contract  guaranties:  10  per  cent  ash,  "dry  coal"; 
12,000  B.  t  u.,  "  as  received."    Price,  $2.43  per  ton. 

137.  Bituminous  coal  delivered  to  the  customhouse,  St.  Louis,  Mo.,  Treasury 
Department,  1909-10.  Contract  guaranties:  10  per  cent  ash,  "dry  coal"; 
12,585  B.  t.  u.,  "  as  received."    Price,  $2.20  per  ton. 

138.  Bituminous  coal  delivered  to  the  customhouse,  St.  Louis,  Mo.,  Treasury 
Department,  1908-9.  Contract  guaranties:  12  per  cent  ash,  "dry  coal"; 
12,000  B.  t.  u.,  "  as  received."    Price,  $2.43  per  ton. 

139.  Bituminous  coal  delivered  to  Jefferson  Barracks,  Mo.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  11  per  cent  ash,  "  dry 
coal " ;  11,000  B.  t.  u.,  "  as  received."    Price,  $2.31  per  ton. 

140.  Bituminous  coal  delivered  to  Jefferson  Barracks,  Mo.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  10  per  cent  moisture, 
"  as  received  " ;  40  per  cent  volatile  matter,  4.5  per  cent  sulphur,  15  per  cent 
ash,  12,500  B.  t.  u.,  "  dry  coal."    Price,  $2,71  per  ton. 

'  141.  Bituminous  coal  delivered  to  Fort  Crook,  Nebr.,  Quartermaster  Corps, 
War  Department,,  1911-12.  Contract  guaranties:  10  per  cent  aigh,  "dry  coal"; 
11,000  B.  t.  u.,  "  as  received."    Price,  $1.51  per  ton  f.  o.  b.  mines. 

142.  Bituminous  coal  delivered  to  the  depot  quartermaster,  St.  Ix)uls,  Mo., 
Quartermaster  Corps,  War  Department,  1911-12.  Contract  guaranties:  12  per 
cent  ash,  "  dry  coal " ;  11,500  B.  t.  u.,  "  as  received."    Price,  $3,584  i>er  ton. 

143.  Bituminous  coal  deliveretl  to  the  Sac  and  Fox  Indian  School,  Toledo, 
Iowa,  Office  of  Indian  Affairs,  Department  of  the  Interior,  1910-11.  Contract 
guaranties :  12  i)er  cent  ash,  "  dry  coal " ;  12,000  B.  t.  u.,  "  as  received."  Price, 
$1.75  per  ton  (2,000  pounds)  f.  o.  b.  mines. 

144.  Bituminous  coal  delivered  to  the  post-office  building,  Minneapolis,  Minn., 
Treasury  Department,  1908-9.  Contract  guaranties:  14.78  per  cent  ash,  "dry 
coal " ;  12,257  B.  t.  u.,  "  as  received."    Price,  $3.95  per  ton. 

145.  Bituminous  coal  delivered  to  the  Ro<.*k  Island  Arsenal,  III.,  War  De- 
partment, 1910-11.  Contract  guaranties :  14  per  cent  ash,  "  dry  coal " ;  11,000 
B.  t  u.,  "  as  recelve<l."    Price,  $2.23  per  ton. 

146.  Bituminous  coal  delivered  to  Fort  Sheridan,  III.,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties :  8  per  cent  moisture,  "  as  re- 
ceived " ;  10  per  cent  ash,  12,800  B.  t.  u.,  "  dry  coal."  Price,  $1.68  per  ton  f.  o.  b. 
mines. 

147.  Bituminous  coal  delivered  to  Fort  Snelllng,  Minn.,  Quartermaster  Corps, 
War  Department,  1912-13.    Contract  guaranties  and  price  same  as  No.  146. 

148.  Bituminous  coal  delivered  to  the  United  States  military  prison.  Fort 
Leavenworth,  Kans.,  Quartermaster  Corps,  War  Department,  1913-14.  Contract 
guaranties :  8  per  cent  moisture,  "  as  received  " ;  38.5  per  cent  volatile  matter, 
0.85  per  cent  sulphur,  8  per  cent  ash,  13,200  B.  t.  u.,  "  dry  coal."  Price,  $1.56 
per  ton  f.  o.  b.  Clinch,  111. 


62  AKALTSES  OF  GOALa. 

149.  BitmniDons  coal  delivered  to  Jefferson  Barracks,  Mo.,  Quartermaster 
CorpB,  War  Department,  1914-15.  Contract  guaranties:  9  per  cent  moisture, 
"as  received";  38.5  per  cent  volatile  matter,  1  per  cent  sulphur,  8  per  cent 
ash,  and  13,200  B.  t.  u.,  "  dry  coal,"    Price,  $2.07  per  ton. 

150.  Bituminous  coal  delivered  to  the  naval  training  station  at  Great  Lakes, 
III.,  Navy  Department,  1914-15.  €k>ntract  guaranties :  10  per  cent  moisture,  "  as 
received  " ;  38.5  per  cent  volatile  matter,  1  per  cent  sulphur,  10  per  cent  ash, 
and  12,800  B.  t  u.,  "  dry  coal."    Price,  $1.23  per  ton  f .  o.  b.  mines. 

151.  Bituminous  coal  delivered  to  the  naval  training  station  at  Chreat  Lakes, 
HI.,  Navy  Department,  1912-18.  Contract  guaranties:  10  per  cent  moisture, 
"  as  received  " ;  1.75  per  cent  sulphur,  12  per  cent  ash,  12,500  B.  t  u.,  "  dry  coaL" 
Price,  $1.45  per  ton  f.  o.  b.  mines. 

152.  Bituminous  coal  delivered  to  the  naval  training  station  at  Great  Lakes, 
IIL,  Navy  Department,  1912-18.  Contract  guaranties  and  price  same  as 
No.  151. 

158.  Bituminous  coal  delivered  to  the  naval  training  station  at  Great  Lakes* 
III.,  Navy  Department,  1913-14.  Contract  guaranties :  9  per  cent  moisture,  '*  as 
received  " ;  38.5  per  •  cent  volatile  matter,  0.85  per  cent  sulphur,  10  per  cent 
ash,  12,800  B.  t  u.,  "  dry  coal."    Price,  $1.28  per  ton  f .  o.  b.  mines. 

154.  Bituminous  coal  delivered  to  the  naval  training  station  at  Great  Lakes* 
III.,  Navy  Department,  1912-13.  Contract  guaranties:  10  per  cent  moisture, 
"  as  received  " ;  1.75  per  cent  sulphur,  12  per  cent  ash,  12,500  B.  t.  u.,  "  dry  coaL'* 
Price,  $1.45  per  ton  f.  o.  b.  mines. 

155.  Bituminous  coal  delivered  to  the  United  States  appraiser's  stores,  St. 
Louis,  Mo.,  Treasury  Department,  1911-12.  Contract  guaranties:  14  per  cent 
ash,  "  dry  coal " ;  11,000  B.  t.  u.,  "  as  received."    Price,  $2.08  per  ton. 

156.  Bituminous  coal  delivered  to  the  customhouse,  St.  Louis,  Ma,  Treasury 
Department,  1911-12.  Contract  guaranties  same  as  No.  155.  Price*  $2.08  per 
ton. 

157.  Bituminous  coal  delivered  to  the  post  office,  St  Louis,  Mo.,  Treasury 
Department,  1913-14.  Contract  guaranties :  13  per  cent  ash,  '•  dry  coal " ;  11,870 
B.  t.  u.,  **  as  received."    Price,  $2.19  per  ton. 

158.  Bituminous  coal  delivered  to  the  customhouse,  St  Louis,  Mo.,  Treasury 
Department,  1913-14.  Contract  guaranties:  13  per  cent  ash,  "dry  coal"; 
11,370  B.  t  u.,  •*  as  received."    Price,  $2.19  per  ton. 

159.  Bituminous  coal  delivered  to  the  customhouse,  St.  Louis,  Mo.,  Treasury 
Department,  1914-15.  Contract  guaranties :  40  per  cent  volatile  matter,  3  per 
cent  sulphur,  and  12  per  cent  ash,  "  dry  coal " ;  11,370  B.  t  u.,  **  as  received." 
Price,  $2.12  per  ton. 

160.  Bituminous  coal  delivered  to  the  post  office,  St  Louis,  Mo.,  Treasury 
Department,  1914-15.  Contract  guaranties  same  as  No.  159.  Price,  $2.12 
per  ton. 

161.  Bituminous  coal  delivered  to  the  Rock  Island  Arsenal,  Rock  Island,  III., 
War  Department,  1911-12.  Contract  guaranties :  10  i)er.cent  ash,  **  dry  coal " ; 
12,000  B.  t  u.,  "  as  received."    Price,  $3.63  per  ton. 

162.  Bituminous  coal  delivered  to  Fort  Benjamin  Harrison,  Ind.,  Quarter^ 
master  Corps,  War  Department,  1912-13.  Contract  guaranties:  6  per  cent 
moisture,  "  as  received  " ;  9  per  cent  ash,  13,000  B.  t  u.,  "  dry  coal."  Price,  $1.65 
per  ton  f.  o.  b.  Eldorado,  111. 

163.  Bituminous  coal  delivered  to  Fort  Benjamin  Harrison,  Ind.,  Quarter- 
master Corps,  War  Department,  1913-14.  Contract  guaranties:  8  per  cent- 
moisture,  "  as  received  " ;  40  per  cent  volatile  matter,  3  per  cent  sulphur,  9 
per  cent  ash,  13,000  B.  t  n.,  "dry  coal,"  Price,  $1.65  per  ton  f.  o.  b.  Eldo- 
rado, ni. 
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IM.  Bituminous  coal  delivered  to  the  United  States  courtiiouse  and  post 
office,  CShicago,  III.,  Treasury  Department,  1910-11.  Ck)ntract  guaranties:  9.89 
per  cent  ash,  "dry  coal";  12,400  B.  t  u.,  "as  received."  Price,  $3.33  per 
ton. 

166.  Bituminous  coal  delivered  ta  the  United  States  appraiser*s  stores,  Chi- 
cago, ni..  Treasury  Department,  1910-11.  Ck)ntract  guaranties:  9.89  per  cent 
ash,  "  dry  coal " ;  12,400  B.  t  u.,  "  as  received."    Price,  $8.33  per  ton. 

166.  Bituminous  coal  delivered  to  Fort  Sheridan,  111.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  8  per  cent  ash,  "  dry  coal " ; 
12,250  B.  t  u.,  "  as  received."    Price,  $3.70  per  ton. 

167.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Chicago,  IlL,  Treasury  Department,  1911-12.  Contract  guaranties:  8.5 
per  cent  ash,  "  dry  coal " ;  12,600  B.  t  u.,  "  as  received."    Price,  $3.18  per  ton. 

168.  Bituminous  coal  delivered  to  the  United  States  appraiser's  stores,  Chi< 
cago,  111.,  Treasury  Department,  1911-12.  Contract  guaranties,  same  as  No. 
167.    Price.  $3.18  per  ton. 

169.  Bituminous  coal  delivered  to  the  post  office,  Chicago,  111.,  Treasury  De- 
partment, 1912-13.  Contract  guaranties:  35  per  cent  volatile  matter,  "dry 
coal";  2.5  per  cent  sulphur,  9  per  cent  ash,  12,200  B.  t  u.,  "as  received." 
Price,  $3.10  per  ton. 

170.  Bituminous  coal  delivered  to  the  Rock  Island  Arsenal,  Rock  Island, 
HI.,  War  Department,  1914-15.  Contract  guaranties :  8  per  cent  moisture,  "  as 
received".;  38.10  per  cent  volatile  matter,  2.93  per  cent  sulphur,  9.10  per  cent 
ash,  and  12,275  B.  t.  u.,  *^  dry  coal."    Price,  $2.68  per  ton. 

171.  Bituminous  coal  delivered  to  the  Rock  Island  Arsenal,  Rock  Island,  III., 
War  Department,  1912-13.  Contract  guaranties :  8  per  cent  moisture,  "  as  re> 
ceived";  9  per  cent  ash,  13,000  B.  t.  u.,  "dry  coal."    Price,  $3.80  per  ton. 

178.  Bituminous  coal  delivered  to  the  Rock  Island  Arsenal,  Rock  Island,  111., 
War  Department,  1913-14.  Contract  guaranties :  4  per  cent  moisture,  *'  as  re- 
ceived"; 37.89  per  cent  volatile  matter,  2  per  cent  sulphur,  9  per  cent  ash, 
13,000  B.  t.  u.,  "  dry  coal."    Price,  $3.85  per  ton. 

178.  Bituminous  coal  delivered  to  the  Rock  Island  Arsenal,  Rock  Island,  111., 
War  Department,  1909-10.  Contract  guaranties :  12  per  cent  ash,  "  dry  coal" ; 
10,900  B.  t.  u.,  "  as  received."    Price.  $2.12  per  ton. 

174  and  175.  Bituminous  coal  delivered  to  the  Danville  Branch-  of  the  Na- 
tional Home  for  Disabled  Volunteer  Soldiers,  Danville,  III.  No.  174  was  de- 
livered 4n  1910-11  and  No.  175  in  1911-12.  Contract  guaranties :  18  per  cent 
ash,  "  dry  coal" ;  10,500  B.  t.  u.,  "  as  received."  Price,  $1.50  per  ton  (2,000 
pounds). 

176.  Bituminous  coal  delivered  to  the  Danville  Branch  of  the  National  TTome 
for  Disabled  Volunteer  Soldiers,  Danville,  HI.,  1912-13.  Contract  guaranties: 
13  per  cent  moisture,  "  as  received  " ;  17  per  cent  ash,  11,900  B.  t.  u.,  "  dry  coal." 
Price,  $1.60  per  ton  (2,000  pounds). 

177.  Bituminous  coal  delivered  to  the  Danville  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  Danville,  111.,  1913-14.  Contract  guaranties: 
13  per  cent  moisture,  "  as  received  " ;  40  per  cent  volatile  matter,  3.5  per  cent 
sulphur,  17  per  cent  ash,  12,000  B.  t  u.,  "dry  coal."  Price,  $1.60  per  ton  (2,000 
pounds). 

178.  Bituminous  coal  delivered  to  the  Danville  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  Danville,  Til.,  1910-11.  Contract  guaranties: 
10  per  cent  ash,  "  dry  coal  " ;  12,000  B.  t.  u.,  "  as  received."  Price,  $1.95  per  ton 
(2,000  pounds). 
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179.  Bituminous  coal  delivered  to  the  Danville  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  Danville,  III.,  1914-15.  Ck>ntract  guaranties: 
IS  per  cent  moisture,  "  as  received  " ;  40  per  cent  volatile  matter,  3.5  per  cent 
sulphur,  17  per  -cent  ash,  and  12,000  B.  t  u.,  "  dry  coal.*'  Price  $L00  per  ton 
(2,000  pounds). 

ISO.  Bituminous  coal  delivered  to  Fort  Des  Moines,  Iowa,  Quartermaster 
CJorps,  War  Department,  1911-12.  Contract  guaranties:  9  per  cent  ash,  "dry 
coal " ;  12,771  B.  t.  u.,  "as  received."    Price,  $1.80,p6r  ton  f.  o.  b.  Carterville,  111. 

181.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quartermaster  Corps, 
War  Department,  1914-15.  Contract  guaranties:  5.6  per  cent  moisture,  **as 
received  " ;  29.39  per  cent  volatile  matter,  0.7  per  cent  sulphur,  8.51  per  cent  ash, 
and  13,500  B.  t.  u.,  "  dry  coal."    Price,  $1.56  per  ton  f .  o.  b.  Carterville,  III. 

188.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quartermaster  Corps, 
War  Department,  1914-15.  Contract  guaranties:  5.6  per  cent  moisture,  '*as 
received  " ;  29.39  per  cent  volatile  matter,  0.7  per  cent  sulphur,  8.51  per  cent  ash, 
and  13,500  B.  t  u.,  "  dry  coal."    Price,  $0.98  per  ton  f .  o.  b.  Carterville,  111. 

183.  Bituminous  coal  delivered  to  Fort  Des  Moines,  Iowa,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  5.5  per  cent  moisture, 
••  as  received  " ;  9.5  per  cent  ash,  13,600  B.  t.  u.,  "  dry  coal."  Price,  $1.79  per 
ton  f.  o.  b.  Johnson  City,  lU. 

184.  Bituminous  coal  delivered  to  United  States  military  prison,  Leaven- 
worth, Kans.,  Quartermaster  Corps,  War  Department,  1912-13.  Contract  guar- 
anties :  6  per  cent  moisture,  "  as  received  '* ;  9  per  cent  ash,  13,600  B.  t  u.,  "dry 
coal."    Price,  $1.76  per  ton  f.  o.  b.  Johnson  City,  III. 

185.  Bituminous  coal  delivered  to  Fort  Omaha,  Nebr.,  Quartermaster  Corps, 
War  Department,  1912-13.    Contract  guaranties  and  price  same  as  No.  183. 

186.  Bituminous  coal  delivered  to  Fort  Crook,  Nebr.,  Quartermaster  Corps, 
War  D^[>artment,  1912-13.    Contract  guaranties  and  price  same  as  No.  183. 

187.  Bituminous  coal  delivered  to  Fort  Snelling,  Minn.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  7.5  per  cent  moisture, 
"  as  received  " ;  8.5  per  cent  ash,  13,310  B.  t  u.,  **dry  coal."  Price,  $1.70  per  ton 
f.  o.  b.  Johnson  City,  111. 

188.  Bituminous  coal  delivered  to  Fort  Sheridan,  111.,  Quartermaster  Corps, 
War  Department,  1913-14.  Contract  guaranties  same  as  No.  187.  Price,  $1.56 
per  ton  f.  o.  b.  Johnson  City,  111. 

188.  Bituminous  coal  delivered  to  Fort  Crook,  Nebr.,  Quartermaster  Corps, 
War  Department,  1914-15.  Contract  guaranties:  8.5  per  cent  moisture,  "as 
received  " ;  35  per  cent  volatile  matter,  1  per  cent  sulphur,  10.5  per  cent  ash, 
and  12,800  B.  t  u.,  "  dry  coaL"    Price,  $1.23  per  ton  f .  o.  b.  Johnson  City,  III. 

190.  Bituminous  coal  delivered  to  the  depot  quartermaster,  St.  Louis,  Mo., 
Quartermaster  Corps,  War  Department,  1912^13.  Contract  guaranties:  10  per 
cent  moisture,  "as  received";  15  per  cent  ash,  12,500  B.  t  u.,  "dry  coaL" 
Price,  $3.32  per  ton. 

INDIANA  GOAL8. 

191  Bituminous  coal  delivered  to  Fort  Benjamin  Harrison,  Ind.,  Quarter- 
master Corps,  War  Department,  1911-12.  Contract  guaranties:  9.3  per  cent 
ash,  "dry  coal " ;  11,700  B.  t  u.,  " as  received."    Price,  $2,47  per  ton. 

192.'  Bituminous  coal  delivered  to  the  post  office,  Chicago,  111.,  Treasury  De- 
partment, 1913-14.  Contract  guaranties:  8  per  cent  ash,  "dry  coal";  12,500 
B.  t.  u.,  "  as  received."    Price,  $3.21  per  ton. 

198.  Bituminous  coal  delivered  to  the  quartermaster  depot,  JeffersonviUe, 
Ind.,  Quartermaster  Corps,  War  Department,  1913-14. 


DATA  IN   REGARD  TO  COAL  CONTRACTS.  65 

IOWA  COALS. 

IM.  Bituminous  coal  delivered  to  Fort  Crook,  Nebr.,  Quartermaster  Corps, 
War  Department,  1012-13.  Contract  guaranties:  8  per  cent  moisture,  "as 
received  " ;  15  per  cent  ash,  12,500  B.  t.  u.,  "  dry  coaL"    Price,  $2,958  per  ton. 

KANSAS  COALS. 

195.  Bituminous  coal  delivereti  to  Fort  Riley,  Kans.,  Quartermaster  Corps. 
War  Department,  1912-13.  Contract  guaranties :  5  per  cent  moisture,  "  as 
received  " ;  12  per  cent  ash,  13,000  B.  t  u.,  "  dry  coal."  Price,  $4.37  per  ton 
($2.94  per  ton  at  Mineral,  Kans). 

196.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quartermaster  Corps, 
War  Department,  1913-14.  Contract  guaranties :  5  per  cent  moisture,  **  as 
received";  35  per  cent  volatile  matter,  5  jjer  cent  sulphur,  15  per  cent  ash, 
12,500  B.  t.  u.,  "  dry  coal."    Price.  $2.98  per  ton  f.  o.  b.  Mineral,  Kans. 

197.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quarternmster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  10  per  cent  ash,  "  dry  coal  " ; 
13,000  B.  t.  u.,  "  as  received."    Price,  $3.08  per  ton  f.  o.  b.  Mineral,  Kans. 

198.  Bituminous  coal  delivered  to  Fort  Riley,  Kans.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  18  per  cent  ash,  "  dry  coal  " ; 
11,500  B.  t.  u.,  "  as  recelve<l."    Price,  $2.41  per  ton  f.  o.  b.  Mineral,  Kans. 

199.  Bituminous  coal  delivered  to  the  post  office,  Omaha,  Nebr.,  Treasury  De- 
partment, 1914-15.  Contract  guaranties:  40  per  cent  volatile  matter,  3  per 
cent  sulphur,  and  12  per  cent  ash,  "  dry  coal " ;  12,000  B.  t.  u.,  "  as  received." 
Price,  $4.74  per  ton. 

200.  Bituminous  coar  delivereti  to  the  United  States  courthouse  and  post 
office,  Omaha,  Nebr.,  Treasury  Department,  1908-9.  Contract  guaranties:  11 
per  cent  ash,  "  dry  <ioal " ;  12,000  B.  t.  u.,  "  as  received."    Price,  $4.41  per  ton. 

801.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Omaha,  Nebr.,  Treasury  Department,  1909-10.  Contract  guaranties:  11 
per  cent  ash,  "  dry  coal " ;  12,000  B.  t.  u.,  "  as  ret'eived."    Price,  $4.64  per  ton. 

802.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Omaha,  Nebr.,  Treasury  Department,  1910-11.  Contract  guaranties  same 
as  No.  201.    Price,  $5.19  per  ton. 

808.  Bituminous  coal  delivered  to  Fort  Leavenworth,  Kans.,  Quartermaster 
Corps,  War  Department.  1912-13.  Contract  guaranties:  10  per  cent  moisture, 
••  as  received  " ;  15  per  cent  ash,  12,500  B.  t  u.,  •*  dry  coal."    Price,  $3.08  per  ton. 

204.  Bituminous  coal  delivered  to  Fort  Leavenworth,  Kans.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  15  per  cent  ash,  "  dry 
coal " ;  10,700  B.  t.  u.,  "  as  received."    Price,  $3.70  per  ton. 

205.  Bituminous  coal  delivered  to  the  United  States  military  prison.  Fort 
Leavenworth,  Kans.,  Quartermaster  Corps,  War  Department,  1911-12.  Con- 
tract guaranties :  11  per  cent  ash,  "  dry  coal " ;  11,100  B.  t.  u.,  "  as  received." 
Price,  $2.74  per  ton. 

208.  Bituminous  coal  delivered  to  Fort  Leavenworth,  Kans.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  10  per  cent  moisture, 
*•  as  received  " ;  35  per  cent  volatile  matter,  5  per  cent  sulphur,  15  per  cent  ash, 
12.500  B.  t.  u.,  "  dry  coal."    Price,  $2.90  per  ton. 

207.  Bituminous  coal  delivered  to  the  United  States  penitentiary,  Leaven- 
worth, Kans.,  Department  of  Justice,  1914-15.  Contract  guaranties  same  as 
No.  206.    Price.  $2.79  per  ton. 

208.  Bituminous  coal  delivered  to  the  United  States  military  prison,  Fort 
Leavenworth,  Kans.,  Quartermaster  Corps,  War  Department,  1914-15.    Contract 
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guaranties :  9  per  cent  moisture,  "  as  received  " ;  40  per  cent  volatile  matter,  5 
per  cent  sulphur,  15  per  cent  ash,  12,500  B.  t.  u.,  "dry  coaL"  Price,  $2.90 
per  ton.  ^ 

209.  Bituminous  coal  delivered  to  Fort  Leavenworth,  Kans.,  Quartermaster 
CJorps,  War  Department,  1913-14.  CJontract  guaranties:  10  per  cent  moisture, 
**  as  received  " ;  40  per  cent  volatile  matter,  5  per  cent  sulphur,  15  per  cent  ash, 
12,500  B.  t.  u.,  "  dry  coal."    Price,  $3  per  ton. 

210.  Bituminous  coal  delivered  to  the  United  States  penitentiary,  Leaven- 
worth, Kans.,  Department  of  Justice,  1912-13.  Contract  guaranties:  9.5  per 
cent  moisture,  "  as  received  " ;  85  per  cent  volatile  matter,  5  per  cent  sulphur, 
16  per  cent  ash,  12,000  B.  t.  u.,  "  dry  coal."    Price,  $2.86  per  ton. 

211.  Bituminous  coal  delivered  to  the  United  States  penitentiary,  Leaven- 
worth, Kans.,  Department  of  Justice,  1913-14.  CJontract  guaranties :  10  per  cent 
moisture,  "  as  received  " ;  40  per  cent  volatile  matter,  5  per  cent  sulphur,  16  per 
cent  ash,  12,000  B.  t.  u.,  "  dry  coal."     Price,  $2.86  per  ton. 

KENTUCKY  COALS. 

212.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Memphis,  Tenn.,  Treasury  Department,  1910-11.  CJoritract  guaranties: 
4.45  per  cent  ash,  "dry  coal";  14,115  B.  t.  u.,  "as  received."  Price,  $4.60 
per  ton. 

213.  Bituminous  coal  delivered  to  Fort  McPherson,  Ga.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  4  per  cent  moisture, 
"  as  received  " ;  4  per  cent  ash,  14,400  B.  t.  u.,  "  dry  coal."    Price,  $3.02  per  ton. 

214.  Bituminous  coal  delivered  to  the  post  office,  Memphis,  Tenn.,  Treasury 
Department,  1913-14.    Price,  $4.50  per  ton. 

215.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Louisville,  Ky.,  Treasury  Department,  1911-12.  Contract  guaranties:  8 
per  cent  ash,  "  dry  coal " ;  14,000  B.  t.  u.,  "  as  received."    Price,  $2.30  per  ton. 

216.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Louisville,  Ky.,  Treasury  Department,  1910-11.  Contract  guaranties: 
10  per  cent  ash,  "  dry  coal  " ;  13,400  B.  t.  u.,  "  as  received."    Price,  $2.35  per  ton. 

217.  Bituminous  coal  delivered  to  the  United  States  courtliouse  and  post 
office,  Louisville,  Ky.,  Treasury  Department,  1907-8.  Contract  guaranties: 
11.5  per  cent  ash,  "dry  coal";  12,200  B.  t  u.,  "as  received."  Price,  $1.95 
per  ton. 

218.  Bituminous  coal  delivered  to  the  JelTcrsonville  depot,  Indiana,  Quar- 
termaster Corps,  War  Department,  1913-14.    Price,  $2.33  per  ton. 

219.  Bituminous  coal  delivered  to  the  United  States  engineer  office  at  Green- 
ville and  Vicksburg,  Miss.,  and  the  mouth  of  the  White  River,  Ark.,  War  De- 
partment, 1913-14.  Contract  guaranties:  3.04  per  cent  moisture,  "as  re- 
ceived " ;  39.5  per  cent  volatile  matter,  3.11  per  cent  sulphur,  8.5  per  cent  ash, 
13.000  B.  t.  u.,  "dry  coal."    Price,  $2.50  per  ton  (2,000  pounds). 

220.  Bituminous  coal  delivered  to  the  United  States  engineer  office.  White 
River,  Ark.»  and  Greenville  and  Vicksburg,  Miss.,  War  Depar(:ment,  1914-15. 
Contract  guaranties :  3.6  i)er  cent  moisture,  "  as  received  " ;  39.5  per  cent  volatile 
matter,  3.1  per  cent  sulphur,  9  per  cent  ash,  13,200  B.  t  u.,  "  dry  coal."  Price, 
$2.75  per  ton  (2,000  pounds). 

221.  Bituminous  coal  delivered  to  the  quartermaster  depot,  JeffersonvlUe, 
Ind.,  Quartermaster  CJorps,  War  Department,  1914-15.  Contract  guaranties: 
4.09  per  cent  moisture,  "  as  received  " ;  35.54  per  cent  volatile  matter,  1.1  per 
cent  sulphur,  7.79  per  cent  ash,  and  13,737  B.  t.  u.,  "dry  coal."  Price,  $2.33 
per  ton. 
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328.  Bituminous  coal  delivered  to  Fort  McPherson,  Ga.,  Quartermaster 
Corps,  War  Department,  1913-14.  CJontract  guaranties:  2.5  per  cent  moisture, 
"as  received";  5  per  cent  ash,  14,300  B.  t  u.,  "dry  coal."  Price,  $3.30 
per  ton. 

228.  Bituminous  coal  delivered  to  Fort  McPhersOn,  6a.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  2.5  per  cent  moisture, 
"  as  received  " ;  4  per  cent  ash,  14,400  B.  t.  u.,  "  dry  coal."    Price,  $3.57  per  ton. 

MARYLAND  COALS. 

224.  Semibituminous  coal  delivered  to  Fort  Howard,  Md.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  2.5  per  cent  moisture, 
"  as  received  " ;  7.5  per  cent  ash,  14,500  B.  t.  u.,  "  dry  coal."    Price,  $4.35  per  tgn. 

226.  Semibituminous  coal  delivered  to  the  third  lighthouse  district,  Tomp- 
klnsvlUe,  N.  Y.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1913-14. 
Contract  guaranties :  22  per  cent  volatile  matter,  2  per  cent  sulphur,  7  per  cent 
ash,  14,000  B.  t  u.,  "  dry  coal,"    Price,  $4.45  per  ton. 

226.  Semibituminous  coal  delivered  to  the  Government  Hospital  for  the 
Insane,  Washington,  D.  C,  Department  of  the  Interior,  1913-14.  Contract  guar- 
anties :  1.25  per  cent  moisture,  "  as  received  " ;  8  per  cent  ash,  14,000  B.  t.  u., 
"  dry  coal."    Price  $3.35  per  ton. 

227.  Semibituminous  coal  delivered  to  Fort  Washington,  Md.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  7  per  cent  ash,  "dry 
coal " ;  14,250  B.  t.  u.,  "  as  received."    Price,  $4.09  per  ton. 

228.  Semibituminous  coal  delivered  to  the  naval  hospital,  Washington,  D.  C, 
Navy  Department,  1912-13.  Contract  guaranties :  3  per  cent  moisture,  "  as 
received  " ;  19.5  per  cent  volatile  matter,  1.1  per  cent  sulphur,  7.5  per  cent  ash, 
14,300  B.  t.  u.,  "  dry  coal."    Price,  $3.55  l)er  ton. 

229.  Semibituminous  coal  delivered  to  the  Columbia  Institution  for  the  Deaf, 
Kendall  Green,  D.  C,  1912-13.    Contract  guaranties  and  price  same  as  No.  228. 

280.  Semibituminous  coal  delivered  to  the  sewage  pumping  station,  Wash- 
ington, D.  C,  1912-13.  Contract  guaranties :  3  per  cent  moisture,  "as  received" ; 
7.5  per  cent  ash,  14,400  B.  t.  u.,  "  dry  coal."    Price,  $3.17  per  ton. 

281.  Semlbftuminous  coal  delivered  to  the  naval  hospital,  Washington,  D.  C, 
Navy  Department,  1913-14.  Contract  guaranties :  3  per  cent  moisture,  "  as  re- 
ceived " ;  19.5  per  cent  volatile  matter,  1.1  per  cent  sulphur,  8  per  cent  ash,  14,250 
B*  t.  u.,  "  dry  coal."    Price,  $3.70  per  ton. 

282.  Semibituminous  coal  delivered  to  the  sewage  pumping  station,  Wash* 
Ington,  D.  C,  1913-14.  Contract  guaranties  same  as  No.  231.  Price,  $3.32 
per  ton. 

288.  Semibituminous  coal  delivered  to  the  Weather  Bureau,  Bluemont,  Va., 
Department  of  Agriculture,  1913-14.  Contract  guaranties :  3  per  cent  moisture, 
"  as  received  " ;  19.5  per  cent  volatile  matter,  1.1  per  cent  sulphur,  7  per  cent 
ash,  14,350  B.  t.  u.,  "dry  coal."    Price,  $4  per  ton. 

284.  Semibituminous  coal  delivered  to  the  Columbia  Institution  for  the  Deaf, 
Washington,  D.  C,  1913-14.  Contract  guaranties  same  as  No.  231.  Price, 
$3.70  per  ton. 

285.  Semibituminous  coal  delivered  to  the  navy  yard  at  Philadelphia,  Pa., 
Navy  Department,  1914-15.  Contract  guaranties:  1.50  per  cent  moisture,  "as 
received";  19.29  per  cent  volatile  matter,  1  per  cent  sulphur,  7.61  per  cent 
ash,  14,533  B.  t  u.,  "dry  coal."  Price,  $2.92  per  ton  f.  o.  b.  vessels  at  coal 
piers,  $3.09  per  ton  f.  o.  b.  barges  alongside  navy  yard,  and  $3.25  per  ton  f.  o.  b. 
cars  at  navy  yard. 
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286.  Semibitumlnous  coal  delivered  to  the  United  States  Naval  Academy, 
Annapolis,  Md.,  Navy  Department,  1914-15.  Contract  guaranties  same  as  No. 
235.  Price,  $3.15  per  ton  at  wharf,  Naval  Academy,  and  $3.65  per  ton  stored 
aboard  or  ashore. 

287.  Semibitumlnous  coal  delivered  to  the  sewage  pumping  station,  Wash- 
ington, D.  C,  1914-15.  Contract  guaranties:  3  per  cent  moisture,  "as  re- 
(*eive<l  ** ;  19.50  per  cent  volatile  matter,  1.10  per  cent  sulf^ur,  8  per  cent  ash, 
14,280  B.  t  u.,  "  dry  coal."    Price,  $3.40  per  ton. 

288.  Semibitumlnous  coal  delivered  to  the  naval  hospital,  Washington,  D.  C, 
Navy  Department,  1914-15.    Price,  $3.87  per  ton. 

239.  Semibitumlnous  coal  delivered  to  the  District  of  Columbia  Workhouse, 
Occoquan,  Va.,  1914-15.  Contract  guaranties:  3  per  cent  moisture,  "as  re- 
ceived " ;  19.50  per  cent  volatile  matter,  1.10  per  cent  sulphur,  8  per  cent  ash, 
14,250  B.  t  u.,  "  dry  coal."    Price,  $3.49  per  ton. 

240.  Semibitumlnous  coal  delivered  to  the  Columbia  Institute  for  the  Deaf, 
Washington,  D.  C,  1914-15.  Contract  guaranties  same  as  No.  239.  Price, 
$3.70  per  ton. 

241.  Semibitumlnous  coal  delivered  to  the  United  States  Navy,  Curtis  Bay, 
Md.,  Navy  Department,  1914-15.  Contract  guaranties :  1.50  per  cent  moisture, 
"  as  received  " ;  19.29  per  cent  volatile  matter,  1  per  cent  sulphur,  7.61  per  cent 
ash,  14,533  B.  t  u.,  "  dry  coal."    Price,  $2.85  per  ton. 

242.  Semibitumlnous  coal  delivered  to  the  Naval  Academy,  Annapolis,  Md., 
Navy.  Department.  1913-14.  Contract  guaranties:  2  per  cent  moisture,  "as 
received  " ;  19  per  cent  volatile  matter,  1.25  per  cent  sulphur,  8  per  cent  ash, 
14,400  B.  t  u.,  •*  dry  coal."    Price,  $3.01  per  ton. 

248.  Semibitumlnous  coal  delivered  to  the  naval  engineering  experiment  sta- 
tion, Annapolis,  Md.,  Navy  Department,  1913-14.  Contract  guaranties  same  as 
No.  242.    Price,  $3.03  per  ton. 

244.  Semibitumlnous  coal  delivered  to  the  Government  Hospital  for  the 
Insane,  Washington,  D.  C,  Department  of  the  Interior,  1914-15.  Contract 
guaranties :  2.5  per  cent  moisture,  "  as  received  " ;  19  per  cent  volatile  matter, 
1.25  per  cent  sulphur,  7  per  cent  ash,  14,500  B.  t.  u.,  "  dry  coal."  Price,  $3.06  per 
ton. 

245.  Semibitumlnous  coal  delivered  to  the  United  States  Naval  Academy, 
Annapolis,  Md.,  Navy  Department,  1914-15.  Contract  guaranties':  2.5  per  cent 
moisture,  "as  received";  19  per  cent  volatile  matter,  1.25  per  cent  sulphur,  8 
per  cent  ash,  14,400  B.  t.  u.,  "dry  coal."  Price,  $3.04  per  ton  by  water,  $3.05 
per  ton  by  rail. 

246.  Semibitumlnous  coal  delivered  to  the  fifth  ligh'thouse  district,  Balti- 
more, Md.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1914-15.  Contract 
guaranties :  2.5  per  cent  moisture,  "  as  received  " ;  19  per  cent  volatile  matter, 
1  per  cent  sulphur,  7  per  cent  ash,  14,400  B.  t.  u.,  "dry  coal."  Price,  $2.94 
per  ton. 

247.  Semibitumlnous  coal  delivered  to  the  naval  hospital,  Washington,  D.  C, 
Navy  Department,  1910-11.  Contract  guaranties :  7  per  cent  ash,  "  dry  coal  " ; 
14,200  B.  t.  u.,  "  as  received."    Price,  $3.37  per  ton. 

248.  Semibitumlnous  coal  delivered  to  Fort  Constitution,  N.  H.,  Quarter- 
master Corps,  War  Department,  1911-12.  Contract  guaranties:  9  per  cent  ash, 
"  dry  coal  " ;  14,000  B.  t.  u.,  "  as  received."    Price,  $4.35  per  ton. 

249.  Semibituminous  coal  delivered  to  Port  Strong,  Mass.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  8  per  cent  ash,  "dry 
coal  " ;  14,000  B.  t.  u.,  "  as  received."    Price,  $5.05  per  ton. 

250.  Semibituminous  coal  delivered  to  Fort  Warren,  Mass.,  Quartermaster 
Corps,  War  Department,  1912-13.     Contract  guaranties:  2  per  cent  moisture. 
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"  as  received  " ;  22  per  cent  volatile  matter,  2  per  cent  sulphur,  8  per  cent  ash, 
14,200  B.  t.  u.,  "  dry  coal."    Price,  $5.29  per  ton. 

S51«  Semlbituminous  coal  delivered  to  Fort  Strong,  Mass.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  2  per  cent  moisture, 
"as  received";  8  per  cent  ash,  14,200  B.  t.  u.,  "dry  coal."  Price,  $5.29 
per  ton. 

252.  Semlbituminous  coal  delivered  to  Fort  Constitution,  N.  H.  (for  vessels), 
Quartermaster  Corps,  War  Department,  1913-14.  Contract  guaranties:  2  per 
cent  moisture,  "as  received";  8.5  per  cent  ash,  14,100  B.  t  u.,  "dry  coal." 
Price,  $4.70  per  ton  delivered  at  Portsmouth,  N.  H. 

858.  Semlbituminous  coal  delivered  to  the  Government  Hospital  for  the 
Insane,  Washington,  D.  C,  Department  of  the  Interior,  1912-13.  Contract 
guaranties :  3  per  cent  moisture,  "  as  received  " ;  10  per  cent  ash,  14,000  B.  t.  u., 
"dry  coal."    Price,  $2.75  per  ton. 

254.  Semlbituminous  coal  delivered  to  the  Grovernment  Hospital  for  the 
Insane,  Washington,  D.  C,  Department  of  the  Interior,  1913-14.  Contract 
guaranties :  2  i)er  cent  moisture,  "  as  received  " ;  7  per  cent  ash,  14,000  B.  t  1L, 
"  dry  coal."    Price,  $2.90  per  ton. 

MICHIGAN   COALS. 

255.  Bituminous  coal  delivered  to  the  United  States  Indian  school.  Mount 
Pleasant,  Mich.,  Office  of  Indian  Affairs,  Department  of  the  Interior,  1910-11. 
Contract  guaranties :  8.5  per  cent  ash  "  dry  coal " ;  11,675  B.  t  u.,  "  as  re- 
ceived,"   Price  $3.29  per  ton  (2,000  pounds). 

MISSOURI    COALS. 

256.  Bituminous  coal  delivered  to  Fort  Crook,  Nebr.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  14  per  cent  ash,  "  dry  coal " ; 
10,600  B.  t.  u.,  "  as  received."    Price,  $4.25  per  ton. 

MONTANA   COALS. 

257.  Subbituminous  coal  delivered  to  the  post  office,  Helena,  Mont.,  Treasury 
Department,  1910-11.  Contract  guaranties :  10  per  cent  ash,  "  dry  coal " ; 
10,940  B.  t.  u.,  "  as  received."    Price,  $3.36  per  ton. 

258.  Subbituminous  coal  delivered  to  Fort  Missoula,  Mont,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  10.49  per  cent  ash, 
"dry  coal";  10,922  B.  t.  u.,  "as  received."  Price,  $2,80  and  $3.08  per  ton 
f.  o.  b.  mines  (according  to  months  of  delivery). 

259.  Subbituminous  coal  delivered  to  Fort  William  Henry  Harrison,  Mont., 
Quartermaster  Corps,  War  Department,  1911-12.  Contract  guaranties  same  as 
No.  258.    Price,  $2.80  and  $3.08  f.  o.  b.  mines  (according  to  months  of  delivery). 

260.  Subbituminous  coal  delivered  to  Fort  Missoula,  Mont,  Quartermaster 
(Uorps,  War  Department,  1912-13.  Contract  guaranties :  8.62  per  cent  moisture, 
"  as  received" ;  8.25  per  cent  ash,  12,980  B.  t.  u.,  "  dry  coal."  Price,  $3,696  and 
$3,976  per,  ton  (according  to  months  of  delivery). 

261.  Subbituminous  coal  delivered  to  Fort  Yellowstone,  Wyo.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties :  8.62  per  cent  moisture, 
"  as  received" ;  8.25  per  cent  ash,  12,980  B.  t.  u.,  "  dry  coal."  Price,  $2,856  per 
ton  for  July,  August,  and  March  to  June  inclusive,  and  $3,136  per  ton  for  Sep- 
tember to  February,  inclusive,  f.  o.  b.  mines. 
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283.  Subbituminous  coal  delivered  to  Fort  Yellowstone,  Wyo.,  Quartermaster 
Corps,  War  Department,  191&-14.  Ck>ntract  guaranties :  9.68  per  cent  moistnre, 
"  as  received*';  9.55  per  cent  ash,  12,980  B.  t  a.,  "dry  coaL"  Price,  $3.22  per 
ton  for  July,  August,  and  March  to  June,  inclusive,  and  $3.52  per  ton  for  S^- 
tember  to  February,  inclusive,  f.  o.  b.  mines. 

968.  Subbituminous  coal  deliyered  to  Fort  William  Henry  Harrison,  Mont, 
Quartermaster  Ck>rps,  War  Departm^it,  1912-13.  Contract  guaranties  and 
prices  same  as  No.  261. 

864.  Subbituminous  coal  delivered  to  Fort  Missoula,  Mont,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties :  9.68  per  cent  moisture, 
"  as  received" ;  9.55  per  cent  ash,  12,980  B.  t  u.,  "  dry  coal."  Price,  $4.08  per 
ton  in  July,  August,  and  March  to  June  inclusive,  and  $4.36  per  ton  for  S^tem- 
ber  to  February,  Inclusive. 

266.  Subbituminous  coal  delivered  to  Fort  Missoula,  Mont,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties :  9.68  per  cent  moisture, 
"  as  received" ;  43.70  per  cent  volatile  matter,  1.53  per  cent  sulphur,  10.10  per 
cent  ash,  12,500  B.  t.  u.,  "  dry  coal."  Price,  $3.86  per  ton  in  July  and  August, 
1914,  and  June,  1915,  and  ^.64  per  ton  in  September,  1914,  and  February, 
1915. 

266.  Subbituminous  coal  delivered  to  the  post  office,  Helena,  Mont,  Treasury 
Department,  1911-12.  Contract  guaranties:  9.9  per  cent  ash,  "dry  coal"; 
10,960  B.  t  u.,  "  as  received."    Price,  $3.10  per  ton. 

267.  Subbituminous  coal  delivered  to  Fort  George  Wright  Wash.,  Quarter- 
master Corps,  War  Department,  1911-12.  Contract  guaranties:  7.5  per  cent 
ash,  "dry  coal";  11,500  B.  t  u.,  "as  received."  Price,  $3.50  per  ton  f.  o.  b. 
Washoe,  Mont  \ 

266.  Bituminous  coal  delivered  to  the  post  office,  Helena,  Mont,  Treasury 
Department  1910-11.  Contract  guaranties :  14.7  per  cent  ash,  "  dry  coal" ;  11,190 
B.  t.  u.,  "  as  received."    Price,  $5.90  per  ton. 

269.  Bituminous  coal  delivered  to  the  Fort  Peck  Indian  School,  Poplar,  Mont, 
Office  of  Indian  Affairs,  Department  of  the  Interior,  1910-11.  Contract  guar- 
anties :  13.47  per  cent  ash,  "  dry  coal " ;  11,675  B.  t  u.,  "  as  received."  Price, 
$6.25  per  ton  (2,000  pounds). 

270.  Bituminous  coal  delivered  to  the  post  office,  Helena,  Mont,  Treasury 
Department,  1911-12.  Contract  guaranties:  15  per  cent  ash,  "dry  coal*"  and 
10,600  B.  t  u.,  "  as  received."    Price,  $5.75  per  ton. 

271.  Bituminous  coal  delivered  to  Fort  Yellowstone,  Wyo.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  12  per  cent  ash,  "  dry 
coal  " ;  10,500  B.  t.  u.,  "  as  received."    Price,  $6.60  per  ton. 

NEW   MEXICO   COALS. 

272.  Bituminous  coal  delivered  to  the  Mescalero  Indian  Agency,  Mescalero, 
N.  Mex.,  Office  of  Indian  Affairs,  Department  of  the  Interior,  1910-11.  Contract 
guaranties :  12  per  cent  ash,  "  dry  coal " ;  13,000  B.  t  u.,  "  as  received."  Price, 
$5.30  per  ton  (2,000  pounds). 

278.  Bituminous  coal  delivered  to  Fort  Huachuca,  Ariz.,  Quartermaster 
Corps,  War  Department  1911-12.  Contract  guaranties :  13  per  cent  ash,  "  dry 
coal  " ;  12,750  B.  t  u.,  "  as  received."    Price,  $12.95  per  ton. 

274.  Bituminous  coal  delivered  to  Fort  Bayard,  N.  Mex.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  13  per  cent  ash,  "  dry 
coal " ;  12,500  B.  t  u.,  "  as  received."    Price,  $10  per  ton.  ' 

275.  Bituminous  coal  delivered  to  Fort  Bayard,  N.  Mex.,  Quartermaster 
Corps,  War  Department,  1912-13.    Contract  guaranties:  2  per  cent  moisture, 
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"  as  received  " ;  13  per  cent  ash,  12,750  B.  t  u.,  "  dry  coal."    Price,  $8.30  per 
ton. 

276.  Bituminous  coal  delivered  to  Fort  Huachuca,  Ariz.,  Quartermaster 
CJorps,  War  Department,  1912-13.    Price,  $12  per  ton. 

277.  Bituminous  coal  delivered  to  Fort  Bayard,  N.  Mex.,  Quartermaster 
Corps,  War  Department,  1913-14.  Ck)ntract  guaranties:  2  i)er  cent  moisture, 
"as  received";  37.95  per  cent  volatile  matter,  0.75  per  cent  sulphur,  13  per 
cent  ash,  13,000  B.  t  u.,  "dry  coaL"  Price,  $7.35  and  $7.64  per  ton  ($7.35 
per  1,000  tons  in  storage;  rest  at  $7.64). 

278.  Bituminous  coal  delivered  to  Fort  Huachuca,  Ariz.,  Quartermaster 
Ck>rps,  War  Department,  1914-15.  Contract  guaranties:  2  per  cent  moisture, 
"  as  received  " ;  34  per  cent  volatile  matter,  0.70  per  cent  sulphur,  13  per  cent 
ash,  12,750  B.  t.  u.,  "  dry  coal."    Price,  $10.18  per  ton. 

279.  Bituminous  coal  delivered  to  Fort  Huachuca,  Ariz.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  2  per  cent  moisture, 
"  as  received  " ;  34  per  cent  volatile  matter,  0.70  per  cent  sulphur,  15  per  cent 
ash,  12,260  B.  t  u.,  "  dry  coal."    Price,  $9.46  per  ton. 

280.  Bituminous  coal  delivered  to  Fort  Bliss,  Tex.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties:  8  per  cent  ash,  "dry  coal"; 
13,800  B.  t.  u.,  "  as  received."    Price,  $6,496  per  ton. 

281.  Bituminous  coal  delivered  to  Fort  Bliss,  Tex.,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  2  per  cent  moisture,  "as 
received  " ;  8  per  cent  ash,  13,800  B.  t  u.,  "  dry  coal."    Price,  $6.72  per  ton. 

282.  Bituminous  coal  delivered  to  Fort  Bliss,  Tex.,  Quartermaster  Coqis, 
War  Department,  1914r-15.  Contract  guaranties:  1.5  per  cent  moisture,  "as 
received";  35  per  cent  volatile  matter,  0.5  per  cent  sulphur,  12  per  cent  ash, 
12,750  B.  t.  u.,  "  dry  coal."    Price,  $6,104  per  ton. 

283.  Subbituminous  coal  delivered  to  Fort  Rosecrans,  Cal.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  8  per  cent  ash,  "  dry 
coal" ;  12,750  B.  t.  u.,  "  as  received."    Price,  $14.25  per  ton. 

284.  Subbituminous  coal  delivered  to  Whipple  Barracks,  Ariz.,  Quarter- 
master Corps,  War  Department,  1911-12.  Contract  guaranties:  9.26  per  cent 
ash,  "  dry  coal" ;  12,254  B.  t.  u.,  "  as  received."    Price,  $8.75  per  ton. 

285.  Subbituminous  coal  delivered  to  Whipple  Barracks,  Ariz.,  Quarter- 
master Corps,  War  Department,  1912-13.  Contract  guaranties:  10  per  cent 
moisture,  "  as  received" ;  9  per  cent  ash,  11,125  B.  t.  u.,  "  dry  coal."  Price, 
$3.82  per  ton  f.  o.  b.  Gallup,  N.  Mex. 

286.  Bituminous  coal  delivered  to  the  Jicarilla  Indian  school,  Dulce,  N.  Mex., 
Office  of  Indian  Aifairs,  Department  of  the  Interior,  1910-11.  Contract  guar- 
anties :  6  per  cent  ash,  "  dry  coal  !* ;  13,500  B.  t.  u.,  "  as  received."  Price,  $4.65 
per  ton  (2,000  pounds). 

287.  Anthracite  coal  delivered  to  Fort  Bayard,  N.  Mex.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  8.75  per  cent  ash, 
"  dry  coal" ;  12,900  B.  t.  u.,  "  as  received."    Price,  $16.32  per  ton. 

288.  Anthracite  coal  delivered  to  Fort  Bayard,  N.  Mex.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties :  10  per  cent  ash,  "  dry 
coal."    Price,  $14  per  ton. 

289.  Ajithracite  coal  delivered  to  Fort  Bayard,  N.  Mex.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  11  per  cent  ash,  "dry 
coal."    Price,  $13  per  ton. 

290.  Anthracite  coal  delivered  to  Fort  Bayard,  N.  Mex.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  3  per  cent  moisture, 
"  as  received" ;  10  per  cent  ash,  13,000  B.  t.  u.,  "  dry  coal."    Price,  $12.40  per  ton. 
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291.  Anthracite  coal  delivered  to  Fort  B&yard,  N.  Mer.,  Qaartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  3  per  cent  moistiire, 
"  as  received" ;  6.1  per  cent  volatile  matter,  0.7  per  cent  SQipbar,  10  per  cent 
ash,  18,250  B.  t  u.,  "  dry  coal."    Price,  $12.50  per  ton. 

NORTH  DAKOTA  COAL. 

898.  Lignite  delivered  to  the  United  States  Reclamation  Service,  Williston, 
N.  Dak.,  Department  of  the  Interior,  1914-15. 

OHIO  COALS. 

893.  Bituminous  coal  delivered  to  the  Northwestern  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Home,  Wis.,  1911-12.  Contract 
guaranties :  8  per  cent  ash,  '*  dry  coal " ;  13,095  B.  t.  n.,  **  as  received."  Price, 
$3.95  per  ton  (2,000  pounds). 

894.  Bituminous  coal  delivered  to  the  Northwestern  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Home,  Wis.,  191^13.  Contract 
guaranties :  3.5  per  cent  moisture,  **  as  received  " ;  8  per  cent  ash,  13,400  B.  t.  u^ 
"dry  coal."    Price,  $3.96  per  ton  (2,000  pounds). 

895.  Bituminous  coal  delivered  to  the  Northwestern  Branch  of  the  Natimial 
Home  for  Disabled  Volunteer  Soldiers,  National  Home,  Wis.»  1913-14.  Contract 
guaranties :  3.5  per  cent  moisture,  **  as  received  " ;  32  per  cent  volatile  matter, 
1.75  per  cent  sulphur,  8  per  cent  asli,  13,400  B.  t  u.,  '*  dry  coal."  Price,  $3.96 
per  ton  (2,000  pounds). 

890.  Bituminous  coal  delivered  to  the  post-offlce  building,  Toledo,  Ohio, 
Treasury  Department,  1913-14.  Contract  guaranties:  3.5  per  cent  moisture, 
"  as  received  " ;  44.1  per  cent  volatile  matter,  3.35  per  cent  sulphur,  9.4  per  cent 
ash,  "dry  coal " ;  13,200  B.  t  u.,  "  as  received."    Price,  $3.10  per  ton. 

897.  Bituminous  coal  delivered  to  Columbus  Barracks,  Ohio,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  9.35  per  cent  ash,  "dry 
coal  " ;  11,300  B.  t.  u.,  "  as  received."    Price,  $2.45  per  ton. 

898.  Bituminous  coal  delivered  to  Columbus  Barracks,  Ohio,  Quartermaster 
Ck>rp8,  War  Department,  1912-13.  Contract  guarantiee :  6.21  per  cent  moisture, 
"as  received";  7.64  per  cent  ash,  12,500  B.  t  u.,  "dry  coal."  Price,  $3.15 
per  ton. 

899.  Bituminous  coal  delivered  to  Columbus  Barracks,  Ohio,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties :  6.95  per  cent  moisture. 
"  as  received  " ;  40  per  cent  volatile  matter,  3.25  per  cent  sulphur,  8.5  per  cent 
ash,  12,500  B.  t.  u.,  "  dry  coal."    Price,  $3.30  per  ton. 

300.    Bituminous  coal  delivered  to  the  customhouse  and  post  office,  ifoledo, 
Ohio,  Treasury  Department,  1907-8.    Contract  guaranties:  6.91  per  cent  ash, 
dry  coal " ;  11,475  B.  t.  u.,  "  as  received."    Price,  $4.12  per  ton. 


«< 


OKLAHOMA  COALS. 

301.  Bituminous  coal  delivered  to  the  remount  depot.  Fort  Reno,  Okla., 
Quartermaster  CJoriw,  War  Department,  1911-12.  CJontract  guaranties:  7  per 
cent  ash,  "  dry  coal " ;  13,600  B.  t.  u.,  "  as  received."    Price,  $4.35  per  ton. 

308.  Bituminous  coal  delivered  to  Fort  Reno,  Okla.,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  3  per  cent  moisture,  "as  re- 
ceived " ;  10  per  cent  ash,  13,000  B.  t.  u.,  "  dry  coal."    Price,  $4.20  per  ton. 

303.  Bituminous  coal  delivered  to  the  remount  depot.  Fort  Reno,  Okla., 
Quartermaster  Corps,  War  Department,  1911-12.  Contract  guaranties:  10  per 
cent  ash,  "  dry  coai  " ;  12.500  B.  t.  u.,  "  as  receive<l."    Price,  $5.30  per  ton. 
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304.  Bituminous  coal  delivered  to  the  remount  depot,  Fort  Reno,  Okla.. 
Quartermaster  Ck>rp6,  War  Department,  1914-15.  Ck>ntract  guaranties:  7  per 
cent  moisture,  "  as  received  " ;  85  per  cent  volatile  matter,  5  per  cent  sulphur, 

8  per  cent  ash,  12,500  B.  t.  u.,  "  dry  coal."    Price,  $5.20  per  ton. 

800.  Bituminous  coal  delivered  to  the  remount  depot,  Fort  Reno,  Okla.. 
Quartermaster  Ck>rpB,  War  Department,  1914^-15.  (Contract  guaranties:  7  per 
cent  moisture,  **  as  received  " ;  35  per  cent  volatile  matter,  5  per  cent  sulphur, 

9  per  cent  ash,  and  12,500  B.  t.  u.,  "  dry  coal."    Price,  $3.85  per  ton. 

806.  Bituminous  coal  delivered  to  the  remount  depot.  Fort  Reno,  Okla., 
Quartermaster  Corps,  War  Department,  1913-14.  Contract  guaranties:  6  per 
cent  moisture,  "as  received";  13  per  cent  ash,  12,500  B.  t  u.,  "dry  coal." 
Price,  $5.48  per  ton. 

307.  Bituminous  coal  delivered  to  Fort  Sill,  Okla.,  Quartermaster  Corps, 
War  Department,  1914-15.  Contract  guaranties:  6  per  cent  moisture,  "as 
received  " ;  35  per  cent  volatile  matter,  2.5  per  cent  sulphur,  13  per  cent  ash, 
12,500  B.  t  u.,  "dry  coal."    Price,  $4.59  per  ton. 

808.  Bituminous  coal  delivered  to  Fort  Sill,  Okla.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  9.1  per  cent  ash,  "  dry  coal " ; 
12,610  B.  t.  u.,  "  as  received."    Price,  $5.90  per  ton. 

809.  Bituminous  coal  delivered  to  Fort  Sill,  Okla.,  Quartermaster  Corps,  War 
Department,  1913-14.  Contract  guaranties:  3  per  cent  moisture,  "as  re- 
ceived"; 35  per  cent  volatile  matter,  2  per  cent  sulphur,  10  per  cent  ash, 
13,500  B.  t.  u.,  "  dry  coal."    Price,  $5.95  per  ton. 

PENNSYLVANIA  COALS. 

310.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office  building,  Louisville,  Ky.,  Treasury  Department,  1908-9.  Contract  guaran- 
ties: 6  per  cent  ash,  "dry  coal'^;  14,000  B.  t  u.,  "as  received."  Price,  $2.65 
per  ton. 

311.  Bituminous  coal  delivered  to  the  United  States  engineer  office.  Grand 
Rapids,  Mich.,  War  Department,  1914r-15.  Contract  guaranties:  1.15  per  cent 
moisture,  "  as  received  " ;  35  per  cent  volatile  matter,  0.98  per  cent  sulphur, 
5.7  per  cent  ash,  14,100  B.  t.  u.,  "dry  coal."  Price,  per  ton  (2,000  pounds), 
$3.40  for  delivery  at  St.  Joseph,  South  Haven,  Holland,  Grand  Haven,  and 
Muskegon,  Mich.;  $3.60  at  Ludington,  Manistee,  and  Frankt6rt;  and  $3.75  at 
Charlevoix. 

812.  Bituminous  coal  delivered  to  the  post  office,  Minneapolis,  Minn.,  Treas- 
ury  Department,  1914-15.  Contract  guaranties:  35  per  cent  volatile  matter,  2 
per  cent  sulphur,  8  per  cent  ash,  "dry  coal";  13,000  B.  t  u..  "as  received." 
Price,  $4.35  per  ton. 

813.  Bituminous  coal  delivered  to  the  post  office,  Buffalo,  N.  Y.,  Treasury 
Department,  1913-14.    Price,  $3.05  per  ton. 

814.  Bituminous  coal  delivered  to  the  post  office,  Buffalo,  N.  Y.,  Treasury 
Department,  1914-15.    Price,  $3.05  per  ton. 

815.  Semibituminous  coal  delivered  to  the  mint  building,  Philadelphia,  Pa., 
Treasury  Department,  1914-15.  Contract  guaranties:  2.5  per  cent  moisture, 
"  as  received  " ;  20  per  cent  volatile  matter,  1.5  per  cent  sulphur,  5  per  cent  ash, 
14,250  B.  t  u.,  "  dry  coal."    Price,  $3.24  per  ton. 

316.  Semibituminous  coal  delivered  to  the  post  office,  Philadelphia,  Pa., 
Treasury  Department,  1914-15.  Contract  guaranties :  22  per  cent  volatile  mat- 
ter, 1.5  per  cent  sulphur,  6  per  cent  ash,  "  dry  coal " ;  14,200  B.  t  u.,  "  as  re- 
ceived."   Prtce,  $3.44  per  ton. 
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817.  Semibltumlnous  c'oal  delivered  to  the  United  States  appraiser's  ware- 
house, New  York,  N.  Y.,  Treasury  Department,  1909-10.  CJontract  guaranties: 
6  per  cent  ash,  "  dry  coal " ;  14,000  B.  t.  u.,  "  as  received."    Price,  $3.35  per  ton. 

318.  Semibltumlnous  coal  delivered  to  the  United  States  courthouse  and 
post  office,  New  York,  N.  Y.,  Treasury  Department,  1909-10.  .  Contract  guaran- 
ties :  6  per  cent  ash,  ••  dry  coal  '* ;  14,000  B.  t  u.,  "  as  received,"  Price,  $8.37 
per  ton. 

819.  Bituminous  coal  delivered  to  the  third  lighthouse  district,  Tompkins- 
ville,  N.  Y.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1913-14.  Con- 
tract guaranties:  22  per  cent  volatile  matter,  2  per  cent  sulphur,  9  per  cent 
ash,  14,000  B.  t.  u.,  "  dry  coal."    Price,  $2.85  per  ton. 

820.  Semibltumlnous  coal  delivered  to  the  Panama  Railroad  Co.,  New  York, 
N.  Y.,  1912-13.  Contract  guaranty :  14,200  B.  t  u.,  "  as  received."  Price,  $2.89 
per  ton. 

821  and  822.  Semibltumlnous  coal  delivered  to  the  Panama  Railroad  Co., 
New  York,  N.  Y.  Contract  guaranty :  14,400  B:  t  u.,  •*  dry  coal."  Price,  $8.02 
per  ton.    No.  321  was  delivered  in  1913-14,  and  No.  322  in  1914r-15. 

828.  Semibltumlnous  coal  delivered  to  the  navy  yard  at  Philadelphia,  Pa^ 
Navy  Department,  1914-15.  Contract  guaranties :  2.26  per  cent  moisture,  "  as 
received  " ;  21.82  per  cent  volatile  matter,  1.22  per  cent  sulphur,  6.37  per  cent 
ash,  14,567  B.  t.  u.,  "  dry  coal."  Price,  $2.85  per  ton  f,  o.'  b.  vessels  at  coal 
piers,  and  $2.95  per  ton  f.  o.  b.  barges  alongside  navy  yard. 

824.  Semibltumlnous  coal  delivered  to  the  navy  yard  at  New  York,  N.  Y., 
Navy  Department,  1914-15.  Contract  guaranties  same  as  No.  323.  Price, 
$3.25  per  ton  f.  o.  b.  barges  alongside  navy  yard. 

826.  Semibltumlnous  coal  delivered  to  the  Naval  Academy,  Annapolis,  Md., 
Navy  Department,  1911-12.  Contract  guaranties :  6  i>er  cent  ash,  14,500  B.  t  u., 
"as  received."     Price,  $2.66  per  ton. 

826.  Semibltumlnous  coal  delivered  to  the  navy  yard  at  Philadelphia,  Pa., 
Navy  Department,  1911-12.  Contract  guaranties  same  as- No.  325.  Price,  $2.45 
per  ton. 

827,  828,  829.  Semibltumlnous  coal  delivered  to  the  Frankford  Arsenal, 
Philadelphia,  Pa.,  War  Department  Contract  guaranties:  8  per  cent  ash, 
14,200  B.  t  u.,  "  dry  coal."  No.  327  delivered  in  1912-13 ;  price.  $2.80  per  ton ; 
No.  328  In  1913-14,  price,  $2.85 ;  and  No.  329  In  1914-15,  price,  $2.85. 

880.  Semibltumlnous  coal  delivered  to  the  United  States  engineer  office, 
Philadelphia,  Pa.,  War  Department,  1910-11.  Contract  guaranties :  20  per  cent 
volatile  matter,  1.5  per  cent  sulphur,  8.5  per  cent  ash,  ''dry  coal";  14,100 
B.  t.  u.,  '*as  received."  Price,  $3.30  per  ton  in  vessels  and  $2.90  per  ton  at 
piers. 

881.  Semibltumlnous  coal  delivered  to  the  United  States  engineer  office, 
Philadelphia,  Pa.,  War  Department,  1911-12.  Contract  guaranties:  14,300  B. 
t.  u.,  "  as  received."    Price,  $2,90  per  ton  in  vessels  and  $2.75  per  ton  in  scows. 

882.  Semibltumlnous  coal  delivered  to  the  United  States  engineer  office, 
Philadelphia,  Pa.,  War  Department,  1912-13.  Contract  guaranties:  13,880  B. 
t  u.,  "dry  coal."  Price,  $2.75,  $2.90,  and  $3.19  per  ton  (according  to  method 
of  delivery). 

888.  Semibltumlnous  coal  delivered  to  the  Eastern  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Soldiers*  Home,  Me.,  1913-14. 
Contract  guaranties :  2  per  cent  moisture,  "  as  received  " ;  20  to  21  per  cent 
volatile  matter,  1.5  per  cent  sulphur,  7  per  cent  ash,  14,750  B.  t  u.,  "  dry  coal." 
Price.  $4.03  per  ton. 
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384.  Semibitaminous  coal  delivered  to  the  United  States  engineer  office, 
Philadelphia^  Pa.,  War  Department,  1913-14.  Contract  guaranties:  1.5  per 
cent  moisture,  "as  received";  6  per  cent  ash,  14,600  B.  t.  u.,  "dry  coal.'* 
Price,  $3.27,  $2.83,  and  $2.d8  per  ton  (according  to  method  of  delivery). 

385.  Bituminous  coal  delivered  to  the  navy  yard  at  Philadelphia,  Pa.,  Navy 
Department,  1914-15.  Contract  guaranties:  1.5  per  cent  moisture,  "as  re- 
ceived " ;  25  per  cent  volatile  matter,  1  per  cent  sulphur,  7  per  cent  ash,  14,545 
B.  t  u.,  "  dry  coal."    Price,  $2.79  per  ton. 

886.  Bituminous  coal  delivered  to  the  navy  yard  at  Brooklyn,  N.  Y.,  Navy 
Department,  1914-^15.  Contract  guaranties :  1  per  cent  moisture,  **  as  received  " ; 
24  per  cent  volatile  matter,  1  per  cent  sulphur,  6.5  per  cent  ash,  14,500  B.  t  u., 
"  dry  coal."    Price,  $3.05  per  ton.  • 

887.  Semibituminous  coal  delivered  to  the  United  States  engineer  office. 
New  York,  N.  Y.,  War  Department,  1914-15.  Contract  guaranties:  3  per  cent 
moisture,  "as  received";  18  per  cent  volatile  matter,  1.5  per  cent  sulphur, 
8  per  cent  ash,  14,400  B.  t  u.,  "  dry  coal."  .  Price,  $3.43  per  ton. 

888.  Semibituminous  coal  delivered  to  the  post  office,  Philadelphia,  Pa., 
Treasury  Department,  1913-14.  Contract  guaranties:  7  per  cent  ash,  "dry 
<!oal " ;  14,600  B.  t.  u.,  "  as  received."    Price,  $3.35  per  ton. 

889.  Semibituminous  coal  delivered  to  the  Springfield  Armory,  Springfield, 
Mass.,  War  Department,  1913-14.  Contract  guaranties:  8  per  cent  ash,  "dry 
coal " ;  14,000  B.  t.  u.,  "  as  received."  Price,  $4.60  per  ton  at  hill  shops  and 
$4.25  per  ton  at  water  shops. 

840.  Semibituminous  coal  deliveved  to  the  Frankford  Arsenal,  Philadelphia, 
Pa.,  War  Department,  1909-10.  '  Contract  guaranties :  5  per  cent  ash,  "  dry 
coal " ;  14,200  B.  t  u.,  "  as  received."    Price,  $2.60  per  ton. 

841.  Semibituminous  coal  delivered  to  the  customhouse,  Baltimore,  Md., 
Treasury  Department,  1910-11.  Contract  guaranties:  5  per  cent  ash,  "dry 
coal " ;  14^00  B.  t  u.,  "  as  received."    Price,  $3.13  per  ton. 

848.  Semibituminous  coal  delivered  to  the  United  States  courthouse  and 
poet  office,  Baltimore,  Md.,  Treasury  Department,  1910-11.  Contract  guaran- 
ties and  price  same  as  No.  341. 

843.  Semibituminous  coal  delivered  to  the  F'rankford  Arsenal,  Philadelphia, 
Pa.,  War  Department,  1910-11.  Contract  guaranties  same  as  No.  341.  Price, 
$2.69  per  ton. 

844.  Semibituminous  coal  delivered  to  the  mint  building,  Philadelphia,  Pa., 
Treasury  Department,  1910-11.  Contract  guaranties  same  as  No.  341.  Price, 
$3.09  per  ton. 

845.  Semibituminous  coal  delivered  to  the  United  States  courthouse  and 
post  office,  Philadelphia,  Pa.,  Treasury  Department,  1910-11.  Contract  guar- 
anties same  as  No.  341.    Price,  $3.22  per  ton. 

846.  Semibituminous  coal  delivered  to  the  Naval  Academy,  Annapolis,  Md., 
Navy  Department,  1910-11.  Contract  guaranties  same  as  No.  341.  Price, 
$2.75  per  ton. 

847.  Semibituminous  coal  delivered  to  the  United  States  courthouse  and 
post  office,  Baltimore,  Md.,  Treasury  Department,  1911-12.  Contract  guar- 
anties same  as  No.  341.    Price,  $3.10  per  ton. 

848.  Semibituminous  coal  delivered  to  Frankford  Arsenal,  Philadelphia,  Pa., 
War  Department,  1911-12.  Contract  guaranties  sar^.e  as  No.  341.  Price,  $2.67 
per  ton. 

849.  Semibituminous  coal  delivered  to  the  mint  building,  Philadelphia,  Pa., 
Treasury  Department,  1911-12.  Contract  guaranties  same  as  No.  341.  Price, 
$3.09  per  ton. 
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3M>.  Semibituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Philadelphia,  Pa.,  Treasury  Department,  1911-12.  Ck>ntract  guaranties 
same  as  No.  d41.    Price,  $3.19  per  ton. 

351.  Semibituminous  coal  d^vered  to  the  customhouse,  Baltimore,  Md., 
Treasury  Department,  1911-12.  Ck>ntract  guaranties  same  as  No.  341.  Price, 
$3.10  per  ton. 

352.  Semibituminous  coal  delivered  to  the  post  office,  Baltimore,  Md.,  Trea?«- 
ury  Department,  1912-13.  Contract  guaranties:  22  per  cent  volatile  matter, 
1.5  per  cent  sulphur,  5  per  cent  ash,  "  dry  coal " ;  14300  B.  t  u.,  "  as  received." 
Price,  $3.13  per  ton. 

353.  Semibituminous  coal  delivered  to  the  post  office,  Philadelphia,  Pa., 
Treasury  Department,  1912-13.  Ck>ntract  guaranties  same  as  No.  352.  Price, 
$3.28  per  ton. 

354.  Semibituminous  coal  delivered  to  the  post  office,  Baltimore,  Md.,  Treas- 
ury Department,  1913-14.  Ck>ntract  guaranties:  5  per  cent  ash,  ''dry  coaP; 
14,300  B.  t.  u.,  "  as  received."    Price,  $3.25  per  ton. 

355.  Semibituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Baltimore,  Md.,  Treasury  Department,  1914-15.  Contract  guaranties:  22 
per  cent  volatile  matter,  1.50  per  cent  sulphur,  6  per  cent  ash,  *'dry  coal"; 
14,300  B.  t  u.,  "  as  received."    Price,  $3.35  per  ton. 

356.  Semibituminous  coal  delivered  to  the  mint  building,  Philadelphia,  Pa., 
Treasury  Department,  1912-13.  Contract  guaranties:  5  per  cent  ash,  "dry 
coal" ;  14,300  B:  t.  u.,  "  as  received."    Price,  $3.10  per  ton. 

357.  Semibituminous  coal  delivered  to  the  General  Land  Office,  Washington, 
D.  C,  Department  of  the  Interior,*  1914-15.  Contract  guaranties:  2.5  per  cent 
moisture,  "  as.recelved  " ;  18  per  cent  volatile  matter.  1.6  i)er  cent  sulphur,  6.5 
per  cent  ash,  14,350  B.  t.  u.,  "  dry  coal."    Price,  $3.53  per  ton. 

358.  Semibituminous  coal  delivered  to  the  poet  office  and  subtreasury,  Boston, 
Mass.,  Treasury  Department,  1908-9.  Contract  guaranties:  7.12  per  cent  ash, 
"  dry  coal" ;  14,257  B.  t  u.,  "  as  received."    Price,  $4.43  per  ton. 

359.  Semibituminous  coal  delivered  to  the  third  lighthouse  district,  Tomp- 
kinsvlUe,  N.  Y.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1911-12. 
Contract  guaranties :  7  per  cent  ash,  "  dry  coal" ;  14,150  B.  t  u.,  "  as  received." 
Price,  $2.63  per  ton. 

360.  Semibituminous  coal  delivered  to  the  customhouse,  Albany,  N.  Y.,  Treas- 
ury Department,  1909-10.  Contract  guaranties:  8  per  cent  ash,  "dry  coal"; 
14,000  B.  t.  u.,  •*  as  received."    Price,  $3.44  per  ton. 

361.  Semibituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Albany,  N.  Y.,  Treasury  Department,  1910-11.  Contract  guaranties  same 
as  No.  360.    Price,  $3.55  per  ton. 

362.  Semibituminous  coal  delivered  to  the  Springfield  Armory,  Springfield. 
Mass.,  War  Department,  1914-15.  Contract  guaranties:  3.5  per  cent  moisture, 
**  as  received" ;  18.5  per  cent  volatile  matter,  1.1  per  cent  sulphur,  7.45  per  cent 
ash,  14,522  B.  t.  u.,  "dry  coal."  Price,  $4.40  per  ton  for  delivery  in  cars  at 
water  shops,  and  $4.75  per  ton  for  delivery  at  hill  shops  by  teams. 

363.  Bituminous  coal  delivered  to  the  Frankford  Arsenal,  Philadelphia,  Pa., 
War  Department,  1911-12.  Contract  guaranties :  6  per  cent  ash,  "  dry  coal " ; 
14,300  B.  t  u.,  "  as  received."    Price,  $2.63  per  ton. 

364.  Semibituminous  coal  delivered  to  the  Naval  Academy,  Annapolis,  Md., 
Navy  Department,  1910-11.  Contract  guaranties:  6  per  cent  ash,  "dry  coal"; 
14,300  B.  t.  u.,  "  as  received."    Price,  $2.75  per  ton. 

366.  Semibituminous  coal  delivered  to  Fort  Myer,  Va.*,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties:  8  per  cent  ash,  "dry  coal"; 
14,000  B.  t  u.,  "  as  received."    Price,  $3.80  yter  ton.    v 
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868.  Semibltuminous  coal  delivered  to  the  Springfield  Armory,  Springfield, 
Mass.,  War  Department,  1910-11.  Contract  guarantiee:  7  per  cent  ash,  **dry 
coal" ;  14,600  B.  t  n.,  "  as  received."    Price,  $4.55  per  ton. 

867.  Semibltuminous  coal  delivered  to  the  Eastern  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Soldiers'  Home,  Me.,  1914-15. 
Ck>ntract  guaranties:  3.75  per  cent  moisture,  *'as  received";  19.50  per  cent 
volatile  matter,  1.5  per  cent  sulphur,  6.25  per  cent  ash,  14,700  B.  t  u.,  **  dry 
coal."    Price,  $3.92  per  ton. 

868w  .Semibltuminous  coal  delivered  to  the  Eastern  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Soldiers*  Home,  Me.,  1912-13. 
Contract  guaranties :  2.25  per  cent  moisture,  **  as  received  " ;  5.5  per  cent  ash, 
14,700  B.  t  u.,  "  dry  coal."    Price,  $3.87  per  ton. 

868.  Semibltuminous  coal  delivered  to  the  Capitol  power  plant,  Washington, 
D.  C,  1914-15.    Price,  $2.95  per  ton. 

870.  Semibltuminous  coal  delivered  to  the  mint  building,  Philadelphia,  Pa., 
Treasury  Department,  1909-10.  Contract  guaranties:  5  per  cent  ash,  "dry 
coal ";  14,300  B.  t  u.,  "  as  received."    Price,  $3.04  per  ton. 

871.  Semibltuminous  coal  delivered  to  the  United  States  Jail,  Washington, 
D.  C,  Department  of  Justice,  1909-10.  Contract  guaranties:  5  per  cent  ash, 
"  dry  coal  " ;  14,250  B.  t  u.,  "  as  received."    Price,  $3.19  per  ton. 

878.  Semibltuminous  coal  delivered  to  the  Treasury  Building,  Washington, 
D.  C,  Treasury  Department,  1909-10.  Contract  guaranties,  same  as  No.  371, 
Price,  $3.14  per  ton. 

878.  Semibltuminous  coal  delivered  to  the  Winder  Building,  Washington, 
D.  C,  Treasury  Department,  1909-10.  Contract  guaranties,  same  as  No.  871. 
Price,  $3.14  per  ton. 

374.  Semibltuminous  coal  delivered  to  the  Panama  Railroad  Co.,  New  York, 
N.  Y.,  1910-11.  Contract  guaranties:  14,200  B.  t.  u.,  "as  received."  Price, 
$2.87  per  ton. 

375.  Semibltuminous  coal  delivered  to  Fort  Du  Pont,  Del.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  2  per  cent  moisture, 
"  as  received  " ;  6.5  per  cent  ash,  14,500  B.  t.  u.,  **  dry  coal."    Price,  $3.70  per  ton. 

876.  Semibltuminous  coal  delivered  to  Delaware  City  Wharf  and  Fort  Du 
Pont,  Del.,  Quartermaster  Corps,  War  Department,  1913-14.  Contract  guar- 
anties :  3.5  per  cent  moisture,  "  as  received  " ;  23.5  per  cent  volatile  matter,  1.75 
per  cent  sulphur,  7.5  per  cent  ash,  14,200  B.  t.  u.,  "  dry  coal."  Price,  $3.70  per 
toa 

877.  Semibltuminous  coal  delivered  to  the  United  States  courthouse  and 
post  office,  Baltimore,  Md.,  Treasury  Department,  1907-^  Contract  guaranties : 
8  per  cent  ash,  "dry  coal  " ;  14,200  B.  t.  u.,  "  as  received."    Price,  $3.31  per  ton. 

878.  Semibltuminous  coal  delivered  to  the  United  States  appraiser's  ware- 
house. New  York,  N.  Y.,  Treasury  Departmenr,  1910-11.  Contract  guaranties: 
6  per  cent  ash,  "  dry  coal " ;  14,100  B.  t  u.,  "  as  received."    Price,  $3,31  per  ton. 

379.    Semibltuminous  coal  delivered  to  the  United  States  courthouse  and 

post  office.  New  York,  N.  Y.,  Treasury  Department,  1910-11.  Contract  guar- 
anties and  price  same  as  No.  378. 

880.  Semibltuminous  coal  delivered  to  the  United  States  courthouse  and 
post  office.  New  "York,  N.  Y.,  Treasury  Department,  1911-12.  Contract  guar- 
anties and  price  same  as  No.  378. 

881.  Semibltuminous-  coal  delivered  to  the  United  States  courthouse  and 
post  office,  Philadelphia,  Pa.,  Treasury  Department,  1908-9.  Contract  guar- 
anties :  7.8  per  cent  ash,  "dry  coal " ;  14,000  B.  t.  u.,  "  as  received."  Price,  $3.30 
and  $3.35  per  ton. 
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882.  SemlbitumiDous  coal  delivered  to  the  mint  building,  Philadelphia,  Pa., 
Treasury  Department,  1008-9.  Contract  guaranties  same  as  No.  381.  Price, 
$3.14  per  ton. 

888.  Semibituminous  coal  delivered  to  the  United  States  appraiser's  ware- 
house. New  York,  N.  Y.,  Treasury  Department,  1907-S.  Contract  guaranties: 
7.8  per  cent  ash,  •*  dry  coal " ;  14,474  B.  t.  u.,  "  as  received."    Price,  $3.46  per  ton. 

884.  Semibituminous  coal  delivered  to  the  United  States  courthouse  and 
post  office,  Philadelphia,  Pa.,  Treasury  Department,  1907-8.  Contract  guar- 
anties same  as  No.  383.    Price,  $3.58  per  ton. 

880.  Semibituminous  coal  delivered  to  the  depot  quartermaster,  New  York 
City,  N.  Y.,  Quartermaster  Corps,  War  Department,  1911-12.  Contract  guar- 
anties: 6.9  per  cent  ash,  "dry  coal";  14,100  B.  t.  u.,  "as  received."  Price  in 
Quartermaster's  vessels,  $2,795  per  ton ;  in  transports,  $3.09. 

386.  -  Semibituminous  coal  delivered  to  the  United  Stales  appraiser's  ware- 
house, New  York,  N.  Y.,  Treasury  Department,  1911-12.  Contract  guaranties 
same  as  No.  385.    Price,  $3.27  per  ton. 

887.  Semibituminous  coal  delivered  to  the  Quartermaster  Corps,  New  York 
Harbor,  War  Department,  1912-13.  Contract  guaranties:  2  per  cent  moisture, 
"  as  received  " ;  6.9  per  cent  ash,  14,050  B.  t.  u.,  "  dry  coal."    Price,  $2.88  per  ton, 

888.  Semibituminous  coal  delivered  to  the  New  York  depot  and  Port  Liberty, 
N.  J.,  Quartermaster  Corps,  War  Department,  1913-14.  Contract  guaranties: 
2  per  cent  moisture,  "  as  received  " ;  7  per  cent  ash,  14,050  B.  t.  u.,  "  dry  coal." 
Price,  $2.94  per  ton  (price  varies  according  to  method  of  delivery). 

889.  Semibituminous  coal  delivered  to  the  depot  quartermaster,  New  York, 
N.  Y.,  Quartermaster  Corps,  War  Department,  1914-15.  Contract  guaranties: 
2.5  per  cent  moisture,  "  as  received  " ;  20  per  cent  volatile  matter,  1.25  per  cent 
sulphur,  7  per  cent  ash,  14,050  B.  t.  u.,  "dry  coal."  Price,  $2.98  per  ton  for 
delivery  at  Port  Liberty,  N.  J.,  and  $3.38  per  ton  aboard  vessels  in  New  York 
Harbor. 

890.  Semibituminous  coal  delivered  to  the  United  States  courthouse.  New 
York,  N.  Y.,  Treasury  Department,  1914-15.  Contract  guaranties:  22  per  cent 
volatile  matter,  1.5  per  cent  sulphur,  6  per  cent  ash,  "  dry  coal " ;  14,150  B.  t.  u., 
"  as  received."    Price,  $3.65  per  ton. 

891.  Semibituminous  coal  delivered  to  the  United  States  appraiser's  ware- 
house. New  York,  N.  Y.,  Treasury  Department,  1914-15.  Contract  guaranties 
same  as  No.  390.    Price,  $3.55  per  ton. 

898.  Semibituminous  coal  delivered  to  the  Frankford  Arsenal,  Philadelphia, 
Pa.,  War  Department,  1907-8.  Contract  guaranties:  8  per  cent  ash,  "dry 
coal " ;  14,100  B.  t  u.,  "  as  received."    Price,  $2.89  per  ton. 

898.  Semibituminous  coal  delivered  to  the  Government  Hospital  for  the 
Insane,  Washington,  D.  C,  Department  of  the  Interior,  1907-8.  Contract  guar- 
anties :  8  per  cent  ash,  "  dry  coal  " ;  14,300  B.  t.  u.,  "  as  received."  Price,  $2.80 
per  ton. 

894.  Semibituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Philadelphia,  Pa.,  Treasury  Department,  1909-10.  Contract  guaranties: 
6  per  cent  ash,  "  dry  coal " ;  14,200  B.  t.  u.,  "  as  received."    Price,  $3.20  per  ton. 

895.  Semibituminous  coal  delivered  to  the  Watertown  Arsenal,  Watertown, 
Mass.,  War  Department,  1910-11.  Contract  guaranties:  6  per  cent  ash,  "dry 
coal " ;  14,500  B.  t.  u*,  "  as  received."    Price,  $4.19  per  ton. 

896.  Semibituminous  coal  delivered  to  the  Frankford  Arsenal,  Philadelphia* 
Pa.,  War  Department,  1909-10.  Contract  guaranties:  6  per  cent  ash,  "dry 
coal " ;  14,250  B.  t.  u.,  "  as  received."    Price,  $2.75  per  ton. 
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897.  Bituminous  coal  "delivered  to  the  post  office,  Buffalo,  N.  Y.,  Treasury 
Department,  1909-10.  Contract  guarantiee:  5  per  cent  ash,  **dry  coal"; 
14,100  B.  t  u.,  "  as  received."    Price,  $2.84  per  ton. 

398.  Bituminous  coal  delivered  to  the  Northwestern  Branch  of  the  National 
Home  tor  Disabled  Volunteer  Soldiers,  National  Soldiers*  Home,  Wis.,  1912-13. 
Contract  guaranties :  4  per  cent  moisture,  **  as  received  *' ;  11  per  cent  ash,  13,100 
B.  t.  u.,  "dry  coal."    Price,  $3  per  ton  (2,000  pounds). 

399.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Louisville,  Ky.,  Treasury  Department,  1009-10.  Contract  guaranties: 
11  per  cent  ash,  "dry  coal " ;  13,000  B.  t  u.,  "  as  received."    Price,  $2.12  per  ton. 

400.  Semibituminous  coal  delivered  to  the  Panama  Railroad  Co.,  New  York, 
N.  Y.,  1911-12.  Contract  guaranty :  14,200  B.  t.  u.,  "  as  received."  Price,  $2.87 
per  ton. 

401.  SemibitumiuQus  coal  delivered  to  the  Capitol  power  plant,  Washington, 
D.  C,  1911-12.    Price,  $3.01  per  ton. 

408.  Bituminous  coal  delivered  to  the  third  lighthouse  district.  New  Yorlc 
Hart>or,  Bureau  of  Lighthouses^,  Department  of  Commerce,  1914-15.  Contract 
guaranties :  3  per  cent  moisture,  "  as  received  " ;  22  per  cent  volatile  matter, 
2  per  cent  sulphur,  10  per  cent  ash,  "  dry  coal " ;  13,800  B.  t.  u.,  "  as  received." 
Price,  $2.92  per  ton. 

408.  Bituminous  coal  delivered  to  the  engineering  ezperimejdt  station.  United 
States  Naval  Academy,  Annapolis,  Md.,  Navy  Department,  1914-15.  Contract 
guaranties :  2.5  per  cent  moisture,  "  as  received  " ;  26  per  cent  volatile  matter, 
1.5  per  cent  sulphur,  8.5  per  cent  ash,  14,500  B.  t  u.,  "  dry  coal."  Price,  $3.32 
per  ton. 

404.  Bituminous  coal  delivered  to  the  post  office,  Buffalo,  N.  Y.,  Treasury 
Department,  1908-9.  Contract  guaranties :  0.5  per  cent  ash,  "  dry  coal " ;  14,000 
B.  L  u.,  "  as  received."    Price,  $3  per  ton. 

406.  Bituminous  coal  delivered  to  the  post  office,  Buffalo,  N.  Y.,  Treasury 
Department,  1910-11.  Contract  guaranties  same  as  No.  404.  Price,  $3.14  per 
ton. 

406.  Bituminous  coal  delivered  to  the  post  office,  Buffalo,  N.  Y.,  Treasury 
Department,  1912-13.    Price,  $3.15  per  ton. 

407.  Bituminous  coal  delivered  to  the  fourth  lighthouse  district,  Philadel- 
phia, Pa.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1912-13.  Contract 
guaranties :  7  per  cent  ash,  14,435  B.  t.  a.,  "  dry  coal."    Price,  $3.15  per  to)i. 

408.  Semibituminous  coal  delivered  to  the  naval  training  school,  Newport, 
R.  L,  Navy  Department,  1909-10.  Contract  guaranties:  7  per  cent  ash,  0.65 
per  cent  sulphur,  "dry  coal";  14,500  B.  t.  u.,  "as  received."  Price,  $3.55 
per  ton. 

409.  Semibituminous  coal  delivered  to  Fort  Greble,  R.  I.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  9  per  cent  ash,  "dry 
coal " ;  13,900  B.  t.  u.,  "  as  received."    Price,  $5.20  per  ton. 

410.  Semibituminous  coal  delivered  to  the  Panama  Railroad  Co.,  New  York,' 
N.  Y..  1909-10.  Contract  guaranty :  14,000  B.  t.  u.,  "  as  received."  Price,  $2.64 
per  ton. 

411.  Semibituminous  coal  delivered  to  the  Freedmen*s  Hospital  and  Howard 
University,  Washington,  D.  C,  Department  of  the  Interior,  1908-9.  Contract 
guaranties :  10  per  cent  ash,  "  dry  coal " ;  18,900  B.  t  u.,  "  as  received."  Price, 
$3.55  per  ton. 

.418.  Semibituminous  coal  delivered  to  the  United  States  Soldiers'  Hoftic, 
Washington,  D.  C,  War  Department,  1908-9.  Contract  guaranties :  6  per  cent 
ash,  "  dry  coal " ;  14,300  B.  t  u.,  "  as  received."  Price,  July  1  to  December  31, 
1908,  $3.58  per  ton;  January  1  to  June  30,  1909,  $3.29  per  ton. 
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413.  Semibltuminous  coal  delivered  to  the  Watertown  Arsenal,  Watertown. 
Mass.,  War  Department,  1908-9.  Ck>ntract  guaranties:  8  jper  cent  ash,  *'dry 
coal " ;  14,300  B.  t  u.,  "  as  received."    Price,  $4.21  per  ton. 

414.  Semibituminous  coal  delivered  to  the  filtration  plant,  Washington, 
D.  C,  War  Department,  1909-10.  CJontract  guaranties:  6  per  cent  ash,  "dry 
coal "  14,300  B.  t  u.,  "  as  received."    Price,  $3.15  per  ton. 

410.  Semibituminous  coal  delivered  to  the  United  States  Soldiers*  Home, 
Washington,  D.  C,  War  Department,  1009-10.  Contract  guaranties  same  as 
No.  414.    Price,  $3.17  per  ton. 

416.  Semibituminous  coal  delivered  to  Freedmen's  Hospital,  Washington, 
D.  O.,  Department  of  the  Interior,  1907-6.  Contract  guaranties :  10  per  cent  ash, 
"  dry  coal " ;  14,000  B.  t.  u.,  "  as  received."    Price,  $3.75  per  ton. 

417.  Semibituminous  coal  delivered  to  the  United  States  Jail,  Washington, 
D.  C,  Department  of  Justice,  1910-11.  Contract  guaranties:  7  per  cent  ash, 
"  dry  coal " ;  14,000  B.  t  u.,  "  as  received."    Price,  $3.44  per  ton. 

418.  Semibituminous  coal  delivered  to  the  United  States  Indian  Industrial 
school,  Carlisle,  Pa.,  Office  of  Indian  Affairs,  Department  of  the  Interior, 
1910-11.  Contract  guaranties  same  as  No.  417.  Price,  $2.49  per  ton  (2,000 
pounds). 

419.  Semibituminous  coal  delivered  to  the  filtration  plant,  Washington,  D.  C, 
War  Department,  1910-11.  Contract  guaranties:  7  per  cent  ash,  "dry  coal"; 
14,100  B.  t  u.,  "  as  received."    Price,  $3.29  per  ton. 

420.  Semibituminous  coal  delivered  to  the  United  States  Soldiers*  Home, 
Washington,  D.  C,  War  Department,  1910-11.  Contract  guaranties :  7  per  cent 
ash,  "  dry  coal  " ;  14,000  B.  t  u.,  "  as  received."    Price,  $3.31  per  ton. 

421.  Semibituminous  coal  delivered  to  the  filtration  plant,  Washington,  D.  C, 
War  Department,  1911-12.  Contract  guaranties :  7  per  cent  ash,  "  dry  coal " ; 
14,000  B.  t.  u.,  "  as  received."    Price,  $3.17  per  ton. 

422.  Semibituminous  coal  delivered  to  the  United  States  Soldiers*  Home, 
Washington,  D.  C,  War  Department,  1911-12.  Contract  guaranties  and  price 
same  as  No.  421.    Price,  $3.37  per  ton. 

423.  Semibituminous  coal  delivered  to  the  National  Training  School  for 
Boys,  Washington,  D.  C,  1912-13.  Contract  guaranties:  2  per  cent  moisture, 
"  as  received  " ;  7  per  cent  ash,  14,200  B.  t.  u.,  "  dry  coal."  Price,  $3.57  per  ton 
In  vaults  at  school  and  $3.27  per  ton  at  brickyard.  « 

424.  Semibituminous  coal  delivered  to  the  filtration  plant,  Washington,  D.  C, 
War  Department,  1912-13.  Contract  guaranties:  7  per  cent  ash,  "dry  coal"; 
14,000  B,  t.  u.,  "  as  received.**    Price,  $3.37  per  ton. 

420.  Semibituminous  coal  delivered  to  th.^  National  Training  School  for 
Boys,  Washington,  D.  C,  1913-14.  Contract  guaranties :  1.75  per  cent  moisture, 
"  as  received  ** ;  7  per  cent  ash,  14,200  B.  t  u.,  "  dry  coal.'*  Price,  $3.07  per  ton 
at  power  house  and  $3.82  per  ton  at  brickyard. 

426.  Semibituminous  coal  delivered  to  the  United  States  appraisers*  ware- 
house. New  York,  N.  Y.,  Treasury  Department,  1908-9.  Contract  guaranties: 
8  per  .cent  ash,  "  dry  coal" ;  14,000  B.  t.  u.,  "  as  received.**    Price.  $3.28  per  ton. 

427.  Semibituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office.  New  York,  N.  Y.,  Treasury  Department,  1908-9.  Contract  guaranties 
same  as  No.  420.    Price,  $3.43  per  ton. 

428.  Semibituminous  coal  delivered  to  the  navy  yard  at  Philadelphia,  Pa., 
Navy  Department,  1910-11.  Contract  guaranties :  7  per  cent  >ish,  "  dry  coal** ; 
14,100  B.  t.  u.,  "  as  received.**    Price,  $2.54  per  ton. 

429.  Semibituminous  coal  delivered  to  the  power  plant  at  Ellis  Island  Immi- 
gration Station,  New  York,  N.  Y.,  Department  of  Labor,  1913-14.  Contract 
guaranties :  1  per  cent  moisture,  "  as  received** ;  17.5  per  cent  volatile  matter. 
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1.29  per  cent  sulphur,  7.5.per  cent  ash,  14,200  B.  t.  u.,  "  dry  coal."    Price,  $3.15 
per  ton. 

430.  Semlbltuminous  coal  delivered  to  the  United  States  engineer  office,  New 
York,  N.  Y.,  War  Department,  1910-11.    Price,  $3.04  per  ton. 

431.  Semlbltuminous  coal  delivered  to  the  Rock  Island  Arsenal,  Rock  Island, 
III.,  War  Department,  1910-11.  Contract  guaranties:  5  per  cent  ash,  "dry 
coal" ;  13,600  B.  t  u.,  "  as  received."    Price,  $4.79  per  ton. 

438.  Semlbltuminous  coal  delivered  to  Fort  Hancock,  N.  J.,  Quartermaster 
CJorps,  War  Department,  1911-12.  Contract  guaranties :  8.23  per  cent  ash,  "  dry 
coal" ;  14,240  B.  t.  u.,  "  as  received."    Price,  $3.70  per  ton. 

433.  Semlbltuminous  coal  delivered  to  the  United  States  engineer  office.  New 
York.  N.  Y.,  War  Department,  1914-15.  Contract  guaranties:  1.75  per  cent 
moisture,  "  as  received" ;  18  per  cent  volatile  matter,  1  i)er  cent  sulphur,  7  per 
cent  ash,  14,400  B.  t  u.,  "  dry  coal."    Price,  $3.90  per  ton. 

434.  Semlbltuminous  coal  delivered  to  the  National  Zoological  Park,  Wash- 
ington, D.  C,  Smithsonian  Institution,  1910-11.  Contract  guaranties:  7  per 
cent  ash,  **  dry  coal" ;  14,200  B.  t.  u.,  "  as  received."    Price,  $3.85  per  ton. 

435.  Semlbltuminous  coal  delivered  to  the  General  Land  Office,  Washington, 
D.  C,  Department  of  the  Interior,  1910-11.  Contract  guaranties:  7  per  cent 
ash,  *•  dry  coal " ;  14,200  B.  t.  u.,  "  as  received."    Price,  $8.23  per  ton. 

436.  Semlbltuminous  coal  delivered  to  the  General  Land  Office,  Washington. 
D.  C,  Department  of  the  Interior,  1911-12.  Contract  guaranties:  7  per  cent 
ash,  "  dry  coal  " ;  14,000  B.  t.  u.,  "  as  received."    Pripe,  $3.27  per  ton. 

437.  Semlbltuminous  coal  delivered  to  the  Freedmen*s  Hospital,  Washington, 
D.  C,  Department  of  the  Interior,  1912-13.  Contract  guaranties:  3  per  cent 
moisture,  "  as  received" ;  7.5  per  cent  ash,  14,275  B.  t.  u.,  "  dry  coal."  Price, 
$3.40  per  ton. 

438.  Semlbltuminous  coal  delivered  to  the  United  States  Soldiers*  Home, 
Washington,  D.  C,  War  Department,  1912-13.  Contract  guaranties:  3  per 
cent  moisture,  "as  received";  7  per  cent  ash,  14,250  B.  t.  u.,  "dry  coal." 
Price,  $3.50  per  ton. 

439.  Semlbltuminous  coal  delivered  to  the  United  States  naval  powder  depot, 
Lake  Denmark,  N.  J.,  Navy  Department,  1912-13.  Contract  guaranties:  3  per 
cent  moisture,  "as  received";  17.25  per  cent  volatile  matter,  1.60  per  cent 
sulphur,  8.  per  cent  ash,  14,275  B.  t.  u.,  "  dry  coal."    Price,  $3.60  per  ton. 

440.  Semlbltuminous  coal  delivered  to  the  United  States  Naval  Academy, 
Annapolis,  Md.,  Navy  Department,  1912-13.  Contract  guaranties  same  as  No. 
439.  Price  $2.90  at  sea  wall.  Naval  Academy,  and  $3.40  per  ton  at  engineering 
e3:i>eriment  station. 

441.  Semibituminous  coal  delivered  to  the  District  of  Columbia  pumping 
station,  Washington,  D.  C,  1912-13.  Contract  guaranties :  3  per  cent  moisture, 
"  as  received  " ;  7.5  per  cent  ash,  14,275  B.  t.  u.,  "  dry  coal."    Price,  $3.27  per  ton. 

442.  Semibituminous  coal  delivered  to  the  General  Land  Office,  Washington, 
D.  C,  Department  of  the  Interior,  1912-13.  Contract  guaranties:  3  per  cent 
moisture,  "  as  received  " ;  7.5  per  cent  ash,  14,275  B.  t.  u.,  "  dry  coal."  Price, 
$3.32  per  ton. 

448.  Semibituminous  coal  delivered  to  the  United  States  Soldiers'  Home, 
Washington,  D.  C,  War  Department,  1913-14.  Contract  guaranties :  3  per  cent 
moisture,  "as  received";  17.25  per  cent  volatile  matter,  1.6  per  cent  sulphur, 
8.5  per  cent  ash,  14,100  B.  t.  u.,  "  dry  coal."    Price,  $3.60  per  ton. 

444.  Semibituminous  coal  delivered  to  the  National  Zoological  Park,  Wash- 
ington, D.  C,  Smithsonian  Institution,  1913-14.  Contract  gtiaranties  same  as 
No.  443.    Price,  $4.10  per  ton. 
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440.  Semlbituminous  coal  delivered  to  the  Freedmen's  Hdflpltal,  Washingtmi, 
D.  C,  Department  of  the  Interior,  1918-14.  Contract  guaranties  same  as  No. 
443.    Price,  |3.55  per  ton. 

446.  Semlbituminous  coal  delivered  to  the  filtration  plant,  Washington,  D.  O., 
War  Department,  1913-14.  Contract  guaranties :  8.5  per  cent  moisture,  "  as  re- 
ceived '* ;  17.25  per  cent  volatile  matter,  1.6  per  cent  sulphur,  8.5  per  cent  ash, 
14,000  B.  t  u.,  '*  dry  coal."    Price,  $3.14  per  ton  (2,000  pounds). 

447.  Semlbituminous  coal  delivered  to  the  General  Land  Office,  Washington, 
D.  0.,  Department  of  the  Interior,  1913-14.  Contract  guaranties:  3  per  cent 
moisture,  "  as  received  *' ;  17.25  per  cent  volatile  matter,  1.6  per  cent  sulphur, 
8.5  per  cent  ash,  14,100  B.  t  u.,  "  dry  coal."    Price,  $3.50  per  ton. 

448.  Semlbituminous  coal  delivered  to  the  District  of  Columbia  pumping 
station,  Washington,  D.  C,  1913-14.  Contract  guaranties  same  as  No.  447. 
Price,  $3.35  per  ton.  , 

448.  Semlbituminous  coal  delivered  to  the  United  States  Soldiers'  Home, 
Washington,  D.  C,  War  Department,  1914-15.  Contract  j^uaranties :  3  per  cent 
moisture,  "as  received";  19.5  per  cent  volatile  matter,  1.6  per  cent  sulphur, 
9  per  cent  ash,  14,100  B.  t.  u.,  "  dry  coal."    Price,  $3.65  per  ton. 

450,  Semlbituminous  coal  delivered  to  the  District  of  Columbia  pumping 
station,  Washington,  D.  C,  1914-15.  Contract  guaranties :  3  per  cent  moisture, 
**  as  received  " ;  17.25  per  cent  volatile  matter,  1.6  per  cent  sulphur,  9  per  cent 
ash,  14,100  B.  t.  u.,  "  dry  coal."    Price,  $3.52  per  ton. 

401.  Semlbituminous  coal  delivered  to  the  filtration  plant,  Washington,  D.  O., 
War  Department,  1914-15.  Contract  guaranties:  2.5  per  cent  moisture,  ''as 
received  " ;  17.25  per  cent  volatile  matter,  1.5  per  cent  sulphur,  8.5  per  cent  aah, 
14.100  B.  t.  u.,  "  dry  coal."    Price  $3.21  per  ton. 

458.  Semlbituminous  coal  delivered  to  Freedmen's  Hospital,  Washington, 
D.  C,  Department  of  the  Interior,  1914-15.  Contract  guaranties  same  as  No. 
450.    Price,  $3.58  per  ton. 

458.  Semlbituminous  coal  delivered  to  the  National  Training  School  for 
Boys,  Washington,  D.  C,  1914-15.  Contract  guaranties:  2.5  per  cent  moisture, 
"  as  received  " ;  17.25  per  cent  volatile  matter,  1.6  per  cent  sulphur,  10.8  per  cent 
ash,  13,950  B.  t.  u.,  "dry  coal."  Price,  $3.65  per  ton  for  delivery  at  power 
plant,,  and  $3.80  per  ton  at  brickyard. 

464.  Semlbituminous  coal  delivered  to  the  customhouse,  Toledo,  Ohio,  Treas- 
ury Department,  1910-11.  Contract  guaranties:  6  per  cent  ash,  **dry  coal"; 
14,300  B.  t.  u.,  "  as  received."    Price,  $3.62  per  ton. 

455.  Semlbituminous  coal  delivered  to  Fort  Totten,  N.  T.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  10  per  cent  ash,  '*  dry 
coal  "' ;  13,750  B.  t  u.,  "  as  received."    Price,  $2.90  per  ton. 

406.  Semlbituminous  coal  delivered  to  the  fifth  lighthouse  district,  Balti- 
more, Md.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1911-12.  Price, 
$3.47  per  ton  at  Washington,  N.  C,  $3.52  per  ton  at  Long  Point,  N.  C,  and  $3.44 
per  ton  at  Point  Loolsout,  Md. 

407.  Semlbituminous  coal  delivered  to  Fort  H  6.  Wright,  N.  Y.,  Quarter- 
master Corps,  War  Department,  1911-12.  Contract  guaranties:  9.5  per  cent 
ash,  "  dry  coal " ;  13,650  B.  t  u.,  "  as  received."  Price,  $3.75  p«p  ton  for  delivery 
at  New  London,  Conn. 

408.  Semlbituminous  coal  delivered  to  Fort  Du  Pont,  Del.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  10  per  cent  ash,  "  dry 
coal " ;  13,750  B.  t.  u.,  "  as  received."    Price,  $2.95  per  ton, 

409.  Semlbituminous  coal  delivered  to  the  third  lighthouse  district.  Tomp- 
kinsville,  N.  Y.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1912-ia 
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Contract  guaranties:  22  per  cent  volatile  matter,  2  per  cent  sulphur^  9.5  per 
cent  ash,  13,400  B.  t.  Q.,  **  dry  coaL*'  Price,  $S.20  per  ton  for  delivery  at  New 
London,  Conn. 

400.  Semibitnminous  coal  delivered  to  the  third  lighthouse  district,  Tomp- 
klnsvllle,  N.  T.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1913-14. 
Contract  guaranties  same  as  No.  459.  Price,  $3.00  per  ton  for  delivery  at  New 
London,  Ccum,  - 

461.  Semibituminous  coal  delivered  to  Fort  H.  G.  Wright,  N.  T.,  Quarter-^ 
master  Corps,  War  Department,  1913-14.  Contract  guaranties :  4  per  cent  mois- 
ture, "  as  received  " ;  12  per  cent  ash,  13,800  B.  t  u.,  **  dry  coal."  Price  $3.95 
per  ton. 

462.  Semibituminous  coal  delivered  to  Fort  H.  6.  Wright,  N.  Y.,  Quarter- 
master Corps,  War  Department,  1914-15.  Contract  guaranties:  4  per  cent 
moisture,  "as  received";  12  per  cent  ash,  and  13,000  B.  t  u.,  "dry  coal." 
Price,  $4.05  per  ton  for  delivery  at  New  London,  Conn. 

468.  Semibituminous  coal  delivered  to  the  third  lighthouse  district,  Tomp- 
kinsvllle,  N.  Y.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1914-15. 
Contract  guaranties :  4  per  cent  moisture,  "  as  received  " ;  22  per  cent  volatile 
matter,  2  per  cent  sulphur,  9.5  per  cent  ash,  "  dry  coal " ;  13^400  B.  t  u.,  "  as 
received."    Price  $3.70  per  ton  for  delivery  at  New  London,  Conn. 

464.  Semibituminous  coal  delivered  to  the  Crovernment  Hospital  for  the  In- 
sane, Washington,  D.  C,  Department  of  the  Interior,  1912-13.  Contract  guar- 
anties :  1.25  per  cent  moisture,  "  as  received  " ;  8  per  cent  ash.  14,000  B.  t.  u., 
"  dry  coal."    Price,  $2.65  per  ton. 

465.  Bituminous  coal  delivered  to  the  post  office,  Minneapolis,  Minn.,  Treas- 
ury Department,  190^10.  Contract  guaranties:  6  per  cent  ash,  "dry  coal"; 
14,200  B.  t.  u.,  "  as  received."    Price,  $5  per  ton. 

466.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Milwaukee,  Wis.,  Treasury  Department,  1910-11.  Contract  guaranties: 
10.5  per  cent  ash,  "  dry  coal " ;  13,700  B.  t.  u.,  "  as  received."    Price,  $3.50  ton. 

467.  Bituminous  coal  delivered  to  the  Northwestern  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Home,  Wis.,  1911-12.  Con- 
tract guaranties :  10  per  cent  ash,  "  dry  coal " ;  12,800  B.  t  u.,  "  as  received." 
Price,  $2.75  per  ton  (2,000  pounds). 

468.  Bituminous  coal  delivered  to  the  depot  quartermaster,  Jeffersonville, 
Ind.,  Quartermaster  Corps,  War  Department,  1911-12.  Contract  guaranties: 
6  per  cent  ash,  "  dry  coal " ;  11,500  B,  t  u.,  "  as  received."    Price,  .$3.96  per  ton. 

468.  Bituminous  coal  delivered  to  the  depot  quartermaster,  Jeffersonville, 
Ind.,  Quartermaster  Corps,  War  Department,  1912-13.  Contract  guaranties: 
2.05  per  cent  moisture,  "  as  received  " ;  9.8  per  cent  ash,  13,000  B.  t.  u.,  "  dry 
coal."    Price,  $4.13  pet  ton. 

470.  Bituminous  coal  delivered  to  the  United  States  engineer  office.  New 
Orleans,  La.,  War  Department,  1913-14.  Contract  guaranties:  3  per  cent 
moisture,  "as  received";  34  per  cent  volatile  matter,  1.25  per  cent  sulphur, 
0.5  per  cent  ash,  14,100  B.  t  u.,  "dry  coal."  Price,  $3.60  per  ton  (2,000 
pounds)  for  delivery  to  Burrwood,  Southwest  Pass,  and  Port  Eads,  South  Pass, 
Mississippi  River,  and  New  Orleans,  La. 

471.  Bituminous  coal  delivered  to  the  post  office,  Milwaukee,  Wis.,  Treasury 
Department,  1912-13.  Contract  guaranties:  35  per  cent  volatile  matter,  2  per 
cent  sulphur,  9  per  cent  ash,  "  dry  coal " ;  12325  B.  t  u.,  "  as  received."  Price, 
$8  per  ton. 

472.  Semibituminous  coal  delivered  to  the  mint  building,  Philadelphia,  Pa., 
Treasury  Department,  1913-14.  Contract  guaranties:  6  per  cent  ash,  "dry 
coal " ;  14,100  B.  t.  u..  "  as  received."    Price,  $3.14  per  ton. 
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473.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  St  Paul,  Minn.,  Treasury  Department,  1908-9.  Ck>ntract  snnaranties: 
8  per  cent  ash,  "  dry  coal " ;  13,S00  B.  t  u.,  "  as  received."    Price,  $5.38  per  ton. 

474.  Bituminous  cOal  d^vered  to  Fort  Keogh,  Mont,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  5.2  per  cent  ash,  **  dry  coal  ** ; 
14,000  B.  t  u.,  "  as  received."    Price,  $3.58  per  ton  f.  o.  b.  Superior,  Wis. 

470.  Bituminous  coal  delivered  to  Fort  Snelling,  Minn.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  5.2  per  cent  ash,  **  dry  coal  '* ; 
14,000  B.  t  u.,  "  as  received."  Price,  $3.92  per  ton  f.  o.  b.  at  Duluth,  Minn., 
or  Superior,  Wis. 

476.  Bituminous  coal  delivered  to  Fort  Lincoln,  N.  Dak.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties  same  as  No.  475.  Price, 
$3.92  per  ton  f.  o.  b.  at  Duluth,  Minn.,  or  Superior,  Wis. 

477.  Bituminous  coal  delivered  to  Fort  Lincoln,  N.  D£k.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  1  per  cent  moisture, 
*•  as  received  " ;  4.8  per  cent  ash,  14,800  B.  t  u.,  "  dry  coaL"  Price,  $3.81  per 
ton,  f.  o.  b.  Superior,  Wis. 

478.  Bituminous  coal  delivered  to  the  eleventh  lighthouse  district,  Detroit, 
Mich.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1912-13. 

479.  Bituminous  coal  delivered  to  Fort  Keogh,  Mont,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  1  per  cent  moisture,  '* as  re- 
ceived " ;  4.8  per  cent  ash,  14,800  B.  t  u..  **  dry  coaL"  Price,  $3.81  per  ton 
f.  o.  b.  Duluth,  Minn. 

480.  Bituminous  coal  delivered  to  Fort  Keogh,  Mont,  Quartermaster  Corps, 
War  Department,  1913^14.  Contract  guaranties:  1.62  per  cent  moisture,  **as 
received  " ;  35.94  per  cent  volatile  matter,  1.02  per  cent  sulphur,  5.93  per  cent 
ash,  14,452  B.  t.  u..  "  dry  coal."    Price,  $3.98  per  ton  f.  o.  b.  Duluth,  Minn. 

461.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Milwaukee,  Wis.,  Treasury  Department,  1911-12.  Contract  guaranties: 
10  per  cent  ash,  "  dry  coal  " ;  12,800  B.  t.  u.,  "  as  received."    Price,  $3.05  per  ton. 

482.  Bituminous  coal  delivered  to  the  post  office,  Minneapolis,  Minn.,  Treas- 
ury Department,  1912-13.  Contract  guaranties:  35  per  cent  volatile  matter, 
sulphur  not  over  2  per  cent,  9  per  cent  ash,  **  dry  coal " ;  13,480  B.  t  u.,  '*  as 
received."    Price,  $4.09  per  ton. 

483.  Bituminous  coal  delivered  to  the  Northwestern  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Home,  Wis.,  1913-14.  Contract 
guaranties:  4  per  cent  moisture,  "as  received";  32  per  cent  volatile  matter, 
1.25  per  cent  sulphur,  9  per  cent  ash,  13,250  B.  t  u.,  *'  dry  coal."  Price,  $3.10 
per  ton  (2,000  pounds). 

484.  Bituminous  coal  delivered  to  the  post  office,  Milwaukee,  Wis.,  Treasury 
Department,  1913-14.  Contract  guaranties :  9  per  cent  ash,  "  dry  coal " ;  13,056 
B.  t.  u.,  "  as  received"    Price,  $3.28  per  ton. 

485.  Bituminous  coal  delivered  to  the  post  office,  Minneapolis,  Minn.,  Treas- 
ury Department,  1913-14.  Contract  guaranties :  7.5  per  cent  ash,  "  dry  coal " ; 
14,000  B.  t.  u.,  "  as  received."    Price,  $4.70  per  ton. 

486.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Milwaukee,  Wis.,  Treasury  Department,  1908-9.  Contract  guaranties: 
9.67  per  cent  ash,  "dry  coal";  13,466  B.  t  u.,  "as  received."  Price,  $3.50 
per  ton. 

487.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Milwaukee,  Wis.,  Treasury  Department,  1909-10.  Contra^  guaranties: 
5.21  per  cent  ash,  "dry  coal";  14,170  B.  t  u.,  "as  received."  Price,  $3.05 
per  ton. 
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488.  Bituminous  coal  delivered  to  the  United  States  post  office,  courthouse, 
and  customhouse,  Milwaukee,  Wis.,  Treasury  Department,  1914-15.  Contract 
guaranties :  35  per  cent  volatile  matter,  2  per  cent  sulphur,  8  per  cent  ash,  "dry 
coal  " ;  and  13,000  B.  t  u.,  "as  received."    Price,  $2.90  per  ton. 

TENNESSEE  COALS. 

489.  Bituminous  coal  delivered  to  the  United  States  penitentiary,  Atlanta, 
Ga.,  Department  of  Justice,  1913-14.    Price,  |2.90  per  ton. 

490.  Bituminous  coal  delivered  to  the  United  States  penitentiary,  Atlanta, 
Ga.,  Department  of  Justice,  1914-15.  Contract  guaranties:  1.5  per  cent  mois- 
ture, "  as  received  " ;  38  per  cent  volatile  matter,  0.75  per  cent  sulphur,  7  per 
cent  ash,  14,500  B.  t  u.,  "  dry  coal."    Price,  $2.85  per  ton. 

491.  Bituminous  coal  delivered  to  Fort  Oglethorpe,  Ga.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  2  per  cent  moisture, 
"  as  received  " ;  8  per  cent  ash,  14,000  B.  t.  u.,  "  dry  coaL"    Price,  $3  per  ton. 

492.  Bituminous  coal  delivered  to  the  United  States  penitentiary,  Atlanta, 
Ga.,  Department  of  Justice,  1913-14.  Contract  guaranties :  3  per  cent  moisture, 
"  as  received  " ;  43.5  per  cent 'volatile  matter,  2.81  per  cent  sulphur,  5  per  cent 
ash,  14,000  B.  t  u.,  "  dry  coal."    Price,  $2.90  per  ton. 

493.  Bituminous  coal  delivered  to  the  United  States  penitentiary,  Atlanta, 
Ga.,  Department  of  Justice,  1912-13.  Contract  guaranties:  2.5  per  cent  mois- 
ture, "  as  received  " ;  29  per  cent  volatile  matter,  1  per  cent  sulphur,  8  per  cent 
ash,  14,000  B.  t  u.,  "  dry  coal."    Price,  $2.91  per  ton. 

TEXAS   COALS. 

494.  Bituminous  coal  delivered  to  Fort  Sam  Houston,  Tex.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  17  per  cent  ash,  "dry 
coal" ;  11,400  B.  t.  u.,  "  as  received."    Price,  $5.45  per  ton. 

495.  Bituminous  coal  delivered  to  Fort  Mcintosh,  Tex.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  16.53  per  cent  ash, 
"  dry  coal" ;  11,588  B.  t.  u.,  "  as  received."    Price,  $5.60  per  ton. 

UTAH   COALS. 

498.  Bituminous  coal  delivered  to  Fort  Douglas,  Utah,  Quartermaster  Corps, 
War  Department,  1913-14.  Contract  guaranties :  4.7  per  cent  moisture,  "  as  re- 
ceived " ;  6.8  per  cent  ash,  13,480  B.  t.  u.,  "  dry  coal."    Price,  $5.26  per  ton. 

497.  Bituminous  coal  delivered  to  Fort  Douglas,  Utah,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  3  per  cent  moisture,  "as  re- 
ceived " ;  5  per  cent  ash,  13,000  B.  t.  u.,  "  dry  coal."    Price,  $6.22  per  ton. 

498.  Bituminous  coal  delivered  to  Fort  Douglas,  Utah,  Quartermaster  Corps, 
War  Department,  1913-14.  Contract  guaranties:  4.7  per  cent  moisture,  "as 
received" ;  6.3  per  cent  ash,  13,610  B.  t.  u.,  "  dry  coaL"  .  Price,  $5.26  per  ton. 

499.  Bituminous  coal  delivered  to  the  Presidio  of  Monterey,  Cal.,  Quarter- 
master Corps,  War  Department,  1914-15.  Contract  guaranties:  2.5  per  cent 
moisture,  "as  received";  8.5  per  cent  ash,  and  13,810  B.  t.  u.,  "dry  coal." 
Price,  $2.44  per  ton  for  delivery  In  July  to  September,  1914,  inclusive ;  $2.72  per 
ton  for  delivery  in  October  to  December,  1914,  inclusive,  and  $3.28  per  ton  for 
delivery  in  January  to  June,  1915,  inclusive. 

500.  Bituminous  coal  delivered  to  Fort  Douglas,  Utah,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties:  7  per  cent  ash,  "dry  coal"; 
1'  XX)  B.  t.  u.,  "  as  received."    Price,  $6.38  per  ton. 
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VIRGINIA    COALS. 

501.  Bituminous  coal  delivered  to  the  Panama  Railroad  Co.,  at  Lamberts 
Point,  Va.,  in  August,  1910. 

602.  Bituminous  coal  delivered  to  the  United  States  engineer  office,  Chaiies- 
ton,  S.  C,  War  DeiMirtment,  1912-13.  Contract  guaranties :  2.5  per  cent  mois- 
ture, 1  per  cent  sulphur,  6  per  cent  ash,  14,500  B.  t  u.,  "  as  received."  Price, 
$2.86  per  ton. 

508.  Bituminous  coal  delivered  to  the  Mountain  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Soldiers*  Home,  Tenn.,  1913- 
14.  Contract  guaranties :  8  per  cent  'luoisture,  **  as  received'' ;  38  per  cent 
volatile  matter,  0.75  per  cent  sulphur,  8  per  cent  ash,  13,500  B.  t.  u.,  "dry 
coal.'*    Price,  $1.80  per  ton  (2,000  pounds). 

504.  Bituminous  coal  delivered  to  the  Mountain  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Soldiers*  Home,  Tenn.,.  1911-12. 
Contract  guaranties :  8  per  cent  ash,  **  dry  coal'* ;  13,500  B.  t  u.,  **  as  received." 
Price,  $1.00  per  ton  (2,000  pounds). 

506.  Bituminous  coal  delivered  to  the  Mountain  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Soldiers'  Home,  Tenn.,  1910-11. 
Contract  guaranties  same  as  No.  504.    Price,  $1.50  per  ton  (2,000  pounds). 

506.  Bituminous  coal  delivered  to  the  United  States  engineer  office,  George- 
town, S.  C,  War  Department,  1913-14.  Contract  guaranties:  2.5  per  cent 
moisture,  "as  received**;  36  per  cent  volatile  matter,  1  per  cent  sulphur,  6 
per  cent  ash,  14,000  B.  t  u.,  "dry  coal.*'    Price,  $3.00  per  ton  (2,000  pounds). 

507.  Bituminous  coal  delivered  to  quartermaster  vessels  at  Galveston,  Tex., 
Quartermaster  Corps,  War  Department,  1914-15.  Contract  guaranties:  2  per 
cent  moisture,  "  as  received*' ;  88  per  cent  volatile  matter,  0.75  per  cent  sulphur, 
9  per  cent  ash,  14,000  B.  t  u.,  "  dry  coal.**    Price,  $5.90  per  ton. 

508.  Bituminous  coal  delivered  to  the  Mountain  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Soldiers*  Home,  Tenn., 
1914-15.  Contract  guaranties :  3  per  cent  moisture,  "  as  received'* ;  34  per  ceat 
volatile  matter,  0.75  per  cent  sulphur,  8  per  cent  ash,  13,500  B.  t.  u.,  **  dry  coal." 
Price,  $1.80  per  ton  (2,000  pounds). 

509.  Bituminous  coal  delivered  to  the  sixth  lighthouse  district,  Cniarleston, 
S.  C,  Bureau  of  Lighthouses,  Department  of  Commerce,  1914-15.  Contract 
guaranties :  2  per  cent  moisture,  "  as  received*' ;  35  per  cent'  volatile  matter, 
0.75  per  cent  sulphur,  .8  per  cent  ash,  14,000  B.  t  u.,  "  dry  coal,"  Price,  $4.05 
per  ton. 

510.  Bituminous  coal  delivered  to  the  Mountain  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Soldiers'  Home,  Tenn.,  1912-13. 
Contract  guaranties:  3  per  cent  moisture,  "as  received";  8  per  cent  ash, 
13,500  B.  t  u.^  "  dry  coal."    Price,  $1.70  per  ton  (2,000  pounds). 

511.  Bituminous  coal  delivered  to  the  United  States  engineer  office,  Charles- 
ton, S.  C,  War  Department,  1913-14.  Contract  guaranties:  2.5  per  cent 
moisture,  "  as  received" ;  86  per  cent  volatile  matter,  1  per  cent  sulphur,  6  per 
cent  ash,  14,000  B.  t  u.,  "  dry  coaL"    Price,  $3.30  per  ton  (2,000  pounds). 

512.  Semlbituminous  coal  delivered  to  the  navy  yard  at  Norfolk,  Va.,  Navy 
Department,  1909-10.  (Contract  guaranties:  4  per  cent  ash,  "dry  coal"; 
14,800  B.  t  u.,  "  as  received."    Price,  $2.57  per  ton. 

513.  Semlbituminous  coal  delivered  to  the  navy  yard  at  Charleston,  S.  C, 
Navy  Department,  1910-11.  Contract  guaranties :  5  per  cent  ash,  "  dry  coal " ; 
15,000  B.  t  u.,  "  as  received."    Price,  $3.60  per  ton. 
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514.  Semibituminous  coal  delivered  to  the  nuvy  yard  at  Norfolk,  Va.,  Navy 
Department,  1910-11.  Contract  guaranties:  5  per  cent  asb,  "dry  coal"; 
15,000  B.  t  u.,  "  as  received."    Price,  $2.78  per  ton. 

WASHINGTON  COALS. 

515.  Bituminous  coal  delivered  to  Fort  McDowell,  Cal.,  recruit  depot,  Quar- 
termaster Corps,  War  Department,  1911-12.  Contract  guaranties:  7  per  cent 
ash,  "  dry  coal " ;  12,79Q  B.  t  u.,  "  as  received."    Price,  |ai5  per  ton. 

519.  Bituminous  coal  delivered  to  Alcatraz,  Cal.,  Quartermaster  Corps,  War 
Department,  1911-12.  Contract  guaranties :  7  per  cent  ash,  **  dry  coal  *' ;  12,790 
B.  t.  u.,  "  as  received."    Price,  $6.15  per  ton. 

517.  Subbituminous  coal  delivered  to  Fort  Worden,  Wash.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  10.8  per  cent  ash,  "dry 
coal " ;  11390  B.  t  u.,  "  as  received."    Price,  |5.75  per  ton. 

518.  Subbituminous  coal  delivered  to  Fort  W.  H.  Seward,  Alaska,  Quarter- 
master Corps,  War  Department,  1911-12.  Contract  guaranties  same  as  No. 
517.    Price,  18.20  per  ton. 

519.  Subbituminous  coal  delivered  to  Fort  Lawton,  Wash.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties  same  as  No.  517.  Price, 
$5  per  ton. 

520.  Subbituminous  coal  delivered  to  Fort  Casey,  Wash.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  10.8  per  cent  ash,  "  dry 
coal " ;  11,890  B.  t  u.,  "  as  received."    Price,  $5.75  per  ton. 

521.  Subbituminous  coal  delivered  to  Fort  Casey,  Wash.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  12  per  cent  moisture, 
•'  as  received  " ;  14  per  cent  ash,  11,500  B.  t  u.,  "  dry  coal."  Price,  $6.50  per 
ton. 

522.  Subbituminous  coal  delivered  to  Fort  Lawton,  Wash.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  12  per  cent  moisture, 
"as  received";  40  per  cent  volatile  matter,  1  per  cent  sulphur,  14  per  cent 
ash,  11,500  B.  t  u.,  "  dry  coal."    Price,  $5.60  per  ton. 

528.  Bituminous  coal  delivered  to  Vancouver  Barracks,  Wash.,  Quarter- 
master Corps,  War  Department,  1918-14.  Contract  guaranties:  3  per  cent 
moisture,  "  as  received  " ;  13  per  cent  ash,  12,900  B.  t  u.,  "  dry  coal."  Price, 
$3.65  per  ton  f.  o.  b.  Roslyn,  Wash. 

524.  Bituminous  coal  delivered  to  the  post  office,  Spokane,  Wash.,  Treasury 
Department,  1910-11.    Price,  $5.90  per  ton. 

525.  Bituminous  coal  delivered  to  the  United  States  engineer  office,  Portland, 
Greg.,  War  Department,  1912-13. 

526.  Bituminous  coal  delivered  to  the  United  States  engineer  office.  Fort 
Stevens,  Oreg.,  War  Department,  1913-14.  Contract  guaranties:  3  per  cent 
moisture,  "as  received";  34.2  per  cent  volatile  matter,  0.3  per  cent  sulphur, 
13  per  cent  ash,  12,900  B.  t  u.,  "  dry  coal."  Price,  $2.75  per  ton  f.  o.  b.  Beek- 
man,  Oreg. 

527.  Bituminous  coal  delivered  to  Fort  George  Wright,  Wash.,  Quarter- 
master Corps,  War  Department,  1912-13.  Contract  guaranties :  4  per  cent  mois- 
ture, *•  as  received" ;  12  per  cent  ash,  13,000  B.  t  u.,  "  dry  coal."  Price,  $3.83 
per  ton. 

528.  Bituminous  coal  delivered  to  Vancouver  Barracks,  Wash.,  Quarter- 
master Corps,  War  Department,  1912-13.  Contract  guaranties  and  price  same 
as  No.  527. 
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'  089.  Bituminous  coal  delivered  to  Fort  Stevens,  Oreg.,  Quartermaster  Corps, 
War  Department,  1913-14.  Contract  guaranties :  4  per  cent  moisture,  "  as  re- 
ceived"; 18  per  cent  ash,  12,600  B.  t.  u.,  "dry  coaL"  Price,  $4.08  per  ton 
f..  0.  b.  Ronald,  Wash. 

530.  Bituminous  coal  delivered  to  Fort  Stevens,  Oreg.,  Quartermaster  Corps, 
War  Department,  1913-14.  Contract  guaranties  same  as  No.  529.  Price,  $2.43 
per  ton  f.  o.  b.  Ronald,  Wash. 

531.  Bituminous  coal  delivered  to  Vancouver  Barracks,  Wash.,  Quarter- 
master Corps,  War  Department,  1912-18.  Contract  guaranties :  4  per  cent  mois- 
ture, "  as  received" ;  12  per  cent  ash,  18.000  B.  t.  u.,  "  dry  coal."  Price,  $3.33 
per  ton. 

532.  Bituminous  coal  delivered  to  Fort  Stevens,  Oreg.,  Quartermaster  Corps, 
War  Department,  1914-15.  Contract  guaranties:  4  per  cent  moisture,  "as 
received" ;  13  per  cent  ash,  12,800  B.  t.  u.,  "  dry  coal."  Price,  $3.25  per  ton  for 
delivery  at  Astoria,  Oreg. 

538.  Bituminous  coal  delivered  to  the  quartermaster  depot,  Seattle,  Wash., 
Quartermaster  Corps,  War  Department,  1914-15.  Contract  guaranties  same  as 
No.  532.  Price,  $12.95  per  ton  at  Fort  Liscum,  $15.45  per  ton  at  Cordova,  $15.95 
per  ton  at  Seward,  and  $16.45  per  ton  at  Valdez,  Alaslca. 

534.  Bituminous  coal  delivered  to  Fort  Liscum,  Alaska,  Quartermaster  Corps, 
War  Department,  1913-14.  Contract  guaranties :  4  per  cent  moisture,  "  as  re- 
ceived" ;  12  per  cent  ash,  12,900  B.  t  u.,  "  dry  coal."    Price,  $15.30  per  ton. 

535.  Bituminous  coal  delivered  to  the  United  States  engineer  office.  Fort 
Stevens,  Oreg.,  War  Department,  1914-15.  Contract  guaranties:  4  per  cent 
moisture,  "  as  received" ;  37  per  cent  volatile  matter,  0.3  per  cent  sulphur,  7  per 
cent  ash,  and  14,000  B.  t.  u.,  "  dry  coal."    Price,  $2.90  per  ton. 

536.  Bituminous  coal  delivered  to  Fort  Liscum,  Alaska,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  9.98  per  cent  ash,  "  dry  coal" ; 
13,000  B.  t  u.,  "  as  received."    Price,  $7.50  per  ton  delivered  at  Seattle,  Wash. 

537.  Bituminous  coal  delivered  to  Fort  Lawton,  Wash.,  Quartermaster  Corps, 
War  Department,  1913-14.  Contract  guaranties :  3  per  cent  moisture,  "  as  re- 
ceived" ;  10  per  cent  ash,  13,000  B.  t  u.,  "  dry  coal."    Price,  $9.25  per  ton. 

538.  Bituminous  coal  delivered  to  Fort  William  H.  Seward,  Alaska,  Quar- 
master  Corps,  War  Department,  1912-13.  Contract  guaranties :  4  per  cent  mois- 
ture, "  as  received" ;  9.75  per  cent  ash,  13,000  B.  t.  u.^"  dry  coal."  Price,  $9.50 
per  ton. 

539.  Bituminous  coal  delivered  to  Fort  Stevens.  Oreg.,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties :  2.5  per  cent  moisture,  "  as  re- 
ceived" ;  11  per  cent  ash,  12,800  B.  t.  u.,  "  dry  coal."    Price,  ^6.30  per  ton. 

540.  Bituminous  coal  delivered  to  Fort  Stevens,  Oreg.  (for  vessels).  Quar- 
termaster Corps,  War  Department,  1913-14.  Contract  guaranties:  4  per  cent 
moisture,  "  as  received  " ;  11  per  cent  ash,  13,200  B.  t.  u.,  "  dry  coal."  Price, 
$3.60  per  ton  f.  o.  b.  Burnett,  Wash. 

541.  Bituminous  coal  delivered  to  Fort  Stevens,  Oreg.,  Quartermaster  Corps, 
War  Department,  1911-12.  Contract  guaranties :  9.98  per  cent  ash,  "  dry  coal  " ; 
12,500  B.  t.  u.,  "  as  received."    Price,  $6.15  per  ton. 

542.  Bituminous  coal  delivered  to  Fort  Liscum,  Alaska,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  4  per  cent  moisture,  "as 
received  " ;  10.3  per  cent  ash,  12,600  B.  t.  u.,  "  dry  coal."  Price,  $18  per  ton 
(sacked). 

543.  Bituminous  coal  delivered  to  Fort  Liscum,  Alaska,  Quartermaster  Corps, 
War  Department,  1913-14.  CJontract  guaranties:  6  per  cent  moisture,  "as 
received  " ;  40.1  per  cent  volatile  matter,  10  per  cent  ash,  12,800  B.  t  u.,  "  dry 
coal."    Price,  $13.25  per  ton. 
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644.  Bituminous  coal  delivered  to  Fort  Flagler,  Wash.,  Quartermaster  Ck>rps, 
War  Department,  1913-14.  Contract  guaranties :  6  per  cent  moisture,  "  as 
received  " ;  10  per  cent  ash,  12,800  B.  t  u.,  **  dry  coal."  Price  |7  per  ton  ($3.50 
per  ton  at  the  mine) . 

540.  Bituminous  coal  delivered  to  the  United  States  engineer  office.  Dalles 
or  Oelilo,  Oreg.,  War  Department,  1913-14.  Ck)ntract  guaranties:  4  per  cent 
moisture,  "  as  received  " ;  37  per  cent  volatile  matter,  0.4  per  cent  sulphur, 
11  per  cent  ash,  13,200  B.  t  u.,  "  dry  coal.** '  Price,  $3.10  per  ton  f.  o.  b.  Burnett, 
Wash. 

546.  Bituminous  coal  delivered  to  Fort  Stevens,  Oreg.,  Quartermaster  Ck)rps, 
War  Department,  1911-12.  CJontract  guaranties :  8.5  per  cent  ash,  "  dry  coal  ** ; 
13,000  B.  t.  u.,  "  as  received.*'    Price,  $6.40  per  ton, 

547.  Bituminous  coal  delivered  to  the  depot  quartermaster,  Seattle,  Wash., 
Quartermaster  Corps,  War  Department,  1911-12.  Contract  guaranties:  10  per 
cent  ash,  "  dry  coal  *' ;  12,300  B.  t.  u.,  -"  as  received."    Price,  $5.50  per  ton. 

548.  Bituminous  coal  delivered  to  Seattle  or  Tacoma,  Wash.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  4  per  cent  moisture, 
"  as  received  ** ;  10  per  cent  ash,  13,000  B.  t.  u.,  "  dry  coal.**  Price,  $5.45  per 
ton  at  Seattle  and  $5.30  per  ton  at  Tacoma. 

549.  Bituminous  coal  delivered  to  the  depot  quartermaster,  Seattle,  Wash., 
Quartermaster  Corps,  War  Department,  1913-14.  Contract  guaranties:  4.8 
per  cent  moisture,  **  as  received  ** ;  12  per  cent  ash,  12.750  B.  t.  u.,  "  dry  coal.** 
Price,  $5.30  and  $7.85  per  ton,  according  to  method  of  delivery. 

550.  Bituminous  coal  delivered  to  Fort  Lawton,  Wash.,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  2.5  per  cent  moisture,  **as 
received*' ;  10  per  cent  ash,  13,000  B.  t.  u.,  "  dry  coal.**    Price,  $9.25  per  ton. 

551.  Bituminous  coal  delivered  to  Fort  LIscum,  Alaska,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  2.5  per  cent  moisture,  "as 
received" ;  10  per  cent  ash,  12,750  B.  t.  u.,  "  dry  coal.**  Price,  $14.30  per  ton 
(sacked). 

552.  Bituminous  coal  delivered  to  Fort  Stevens,  Oreg.,  Quartermaster  Corps, 
War  Department,  1912-13.  Contract  guaranties:  5.6  per  cent  moisture,  "as 
received'* ;  12  per  cent  ash,  13,600  B.  t.  u.,  "  dry  coal.*'    Price,  $7.98  per  ton. 

553.  Bituminous  coal  delivered  to  Fort  Stevens,  Oreg.  (steamers  at  Astoria, 
Oreg.),  Quartermaster  Corps,  War  Department,  1912-18.  Contract  guaranties 
same  as  No.  552.    Price,  $6.25  per  ton. 

554«  Bituminous  coal  delivered  to  the  Navy  Department,  Tacoma,  Wash.,  in 
July,  1912.    Samples  collected  when  coal  was  loaded  into  cars  at  the  mine. 

555.  Bituminous  coal  samples  collected  from  the  shipment  represented  by 
No.  554  when  the  coal  was  delivered  at  Tacoma,  Wash. 

WEST  VIRGINIA  COALS. 

556.  Bituminous  coal  delivered  to  the  post  office,  Detroit,  Mich.,  Treasury 
Department,  1912-13.  Contract  guaranties :  32  per  cent  volatile  matter,  1  per 
cent  sulphur,  7  per  cent  ash,  "  dry  coal*' ;  14,200  B.  t.  u.,  "  as  received.**  Price, 
$3.02  per  ton. 

557.  Seroibituminous  coal  delivered  to  the  main  building  of  the  Department 
of  Agriculture,  Washington,  D.  C,  1911-12.  Contract  guaranties:  6  per  cent 
ash,  "  dry  coal" ;  14,600  B.  t  u.,  "  as  received."    Price,  $3.20  per  ton. 

558.  Semibituminous  coal  delivered  to  the  Municipal  Building,  Washington, 
D.  C,  1911-12.  Contract  guaranties:  4.9  per  cent  ash,  "dry  coal";  14,600 
B.  t.  u.,  "  as  received."    Price,  $3.10  per  ton. 
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569.  Semlbituininous  coal  delivered  to  the  State,  War,  and  Navy  Building, 
Washington,  D.  C,  1912-13.  Contract  guaranties:  2.5  per  cent  moisture,  "as 
received  " ;  4.8  per  cent  ash,  14,900  B.  t  u.,  "dry  coaL"    Price,  $3.39  per  ton. 

560.  SemibituminoQS  coal  delivered  to  the  shops  at  the  propagating  gardens, 
Washington,  D.  0.,  War  Department,  1912-ia  Ck>ntract  guaranties  same  as 
No.  559.    Price,  $3.50  per  ton. 

561.  Semlbituminous  coal  delivered  to  the  United  States  engineer  office, 
Georgetown,  S.  C,  War  Department,  1912-13.  Contract  guaranties :  2.5  per  cent 
moisture,  1  per  cent  sulphur,  6  per  cent  ash,  14,500  B.  t.  u.,  "as  received.*' 
Price,  $3.48  per  ton. 

568.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Detroit,  JItfich.,  Treasury  Department,  1909-10.  Contract  guaranties: 
5  per  cent  ash,  "  dry  coal " ;  14,360  B.  t.  u.,  "  as  received."    Price;  |2.90  per  ton. 

56S.  Bituminous  coal  delivered  to  the  customhouse,  Detroit,  Mich.,  Treasury 
Department,  1909-10.    Contract  guaranties  and  price  same  as  No.  502. 

564.  Bituminous  coal  delivered  to  the  Central  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  National  Military  Home,  Ohio,  1911-12. 
Contract  guaranties :  5  per  cent  ash,  "  dry  coal " ;  14,410  B.  t  u.,  "  as  received." 
Price,  $2.55  per  ton  (2,000  pounds). 

565.  Bituminous  coal  delivered  to  the  customhouse,  Detroit,  Mich.,  Treasury 
Department,  1910-11.  Contract  guaranties :  8  per  cent  ash,  "  dry  coal  *' ;  14,200 
B.  t.  u.,  "  as  received."    Price,  $2.99  per  ton. 

566.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Detroit,  Mich.,  Treasury  Department,  1910-11.  Contract  guaranties:  8 
per  cent  ash,  "  dry  coal " ;  14,200  B.  t.  u.,  "  as  received."   Price,  $2.99  per  ton. 

567.  Semlbituminous  coal  delivered  to  the  post  office  and  subtreasury,  Boston, 
Mass.,  Treasury.  Department,  1912-13.  Contract  guaranties:  22  per  cent  vola- 
tile matter,  1.5  per  cent  sulphur,  5  per  cent  ash,  "  dry  coal " ;  14,500  B.  t  ul, 
"  as  received."    Price,  $4.15  per  ton. 

568.  Semibitumlnous  coal  delivered  to  the  United  States  engineer  office, 
Jacksonville,  Fla.,  War  Department,  1913-14.  Contract  guaranties:  1.7  per 
cent  moisture,  "  as  received " ;  20.52  per  cent  volatile  matter,  0.7  per  cent 
sulphur,  6  per  cent  ash,  14,900  B.  t  u.,  "  dry  coal."    Price,  $4.74  per  ton. 

569.  Semlbituminous  coal  delivered  to  Fort  Banks,  Mass.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  2  per  cent  moisture, 
"  as  received  " ;  7  per  cent  ash,  14,500  B.  t.  u.,  "  dry  coal."    Price,  $4.45  per  ton. 

570.  Semlbituminous  coal  delivered  to  Forts  Crockett,  Travis,  and  San 
Jacinto,  Tex.,  Quartermaster  Corps,  War  Department,  1913-14.  Contract  guar- 
anties :  0.8  per  cent  moisture,  "  as  received  " ;  19.9  per  cent  volatile  matter,  0.7 
per  cent  sulphur,  9.7  per  cent  ash,  13,960  B.  t  u.,  "dry  coal."    Price,  $7.50  jier  ton. 

571.  Bituminous  coal  delivered  to  the  United  States  engineer  office,  George- 
town, S.  C,  War  Department,  1914-15.  Contract  guaranties:  1.72  per  cent 
moisture,  "  as  received  " ;  27.24  per  cent  volatile  matter,  0.86  per  cent  sulphur, 
4.03  per  cent  ash,  14,800  B.  t.  u.,  "dry  coal."  Price,  $3.64  per  ton  (2,000 
pounds). 

572.  Semibitumlnous  coal  delivered  to  the  Northwestern  Branch  of  the  Na- 
tional Home  for  Disabled  Volunteer  Soldiers,  National  Home,  Wis.,  1910-11. 
Contract  guaranties :  6  per  cent  ash,  "dry  coal " ;  14,750  B.  t  u.,  "  as  received." 
Price,  $3.67  per  ton  (2,000  pounds). 

573.  Bituminous  coal  delivered  to  the  Central  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  National  Military  Home,  Ohio,  191(K-11.  Con- 
tract guaranties:  6  per  cent  ash,  "dry  coal";  14,300  B.  t.  u.,  "as  received." 
Price,  $2.50  per  ton  (2,000  pounds). 
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574.  Semibituminous  coal  delivered  to  the  third  lighthouse  district,  New- 
port, R.  I.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1914-15.  Ck>ntract 
guaranties :  4  per  cent  moisture,  **  as  received  " ;  22  per  cent  volatile  matter,  2 
per  cent  sulphur,  10  per  cent  ash,  "  dry  coal " ;  13,900  B.  t  u.,  "  as  received." 
Price,  $5.00  per  ton. 

575.  Semibituminous  coal  delivered  to  the  New  National  Museum,  Wash- 
ington, D.  C,  Smithsonian  Institution,  1912-13.  Contract  guaranties:  8  per 
cent  moisture,  "  as  received  " ;  4  per  cent  ash,  14,850  B.  t.  u.,  "  dry  coal."  Price, 
$3.10  per  ton. 

576.  Semibituminous  coal  delivered  to  the  main  building  of  the  Department 
of  Agriculture,  Washington,  D.  C,  1912-13.  Contract  guaranties :  2.5  per  cent 
moisture,  "  as  received  " ;  3.5  per  cent  ash,  14,900  B.  t  u.,  "  dry  coal,"  Price, 
$3.19  per^  ton. 

577.  Semibituminous  coal  delivered  to  the  Treasury  Building,  Washington, 
D.  C,  Treasury  Department,  1912-13.  Contract  guaranties:  2.5  per  cent  mois- 
ture, "  as  received  " ;  3.5  per  cent  ash,  14,900  B.  t  u.,  "dry  coaL"  Price,  $3.40 
per  ton. 

578.  Semibituminous  coal  delivered  to  the  Winder  Building,  Washington, 
T>.  C,  Treasury  Department,  1912-13.    Contract  guaranties :  2.5  per  cent  moist- 
ure, "  as  received  " ;  3.5  per  cent  ash,  14,850  B.  t.  u.,  "  dry  coal."    Price,  $3.45 
per  ton. 

579.  Semibituminous  coal  delivered  to  the  Government  Printing  Office,  Wash- 
ington, D.  C,  1912-13.  Contract  guaranties :  2.5  per  cent  moisture,  "  as  re- 
ceived " ;  3.5  per  cent  ash,  14,900  B.  t.  u.,  "  dry  coal."    Price,  $3.35  per  ton. 

580.  Semibituminous  coal  delivered  to  the  Bureau  of  "Engraving  and  Print- 
ing, Washington,  D.  C,  Treasury  Department,  1912-13.  Contract  guaranties 
same  as  No.  579.    Price,  $3.09  per  ton. 

581.  Semibituminous  coal  delivered  to  the  main  building  of  the  Department 
of  Agriculture,  Washington,  D.  C,  1913-14.  Contract  guaranties :  2.5  per  cent 
moisture,  "  as  received  " ;  22.64  per  cent  volatile  matter,  1  per  cent  sulphur,  4.8 
per  cent  ash,  14,900  B.  t.  u.,  "  dry  coal."    Price,  $3.42  per  ton. 

582.  Semibituminous  coal  delivered  to  the  Bureau  of  Engraving  and  Print- 
ing, Washington,  D.  C,  Treasury  Department,  1913-14.  Contract  guaranties 
same  as  No.  581.    Price,  $3.38  per  ton. 

588.  Semibituminous  coal  delivered  to  the  State,  War,  and  Navy  Building, 
Washington,  D.  *C.,  1913-14.  Contract  guaranties  same  as  No.  581.  Price, 
$3.59  per  ton. 

584.  Semibituminous  coal  delivered  to  the  Bureau  of  Engraving  and  Print- 
ing, Washington,  D.  C,  Treasury  Department,  1914-15.  Contract  guaranties 
same  as  No.  581.    Price,  $3.36  per  ton. 

585.  Semibituminous  coal  delivered  to  the  Department  of  Agriculture,  Wash- 
ington, D.  C,  1914—15.  Contract  guaranties  same  as  No.  581.  I^ice,  $3.41 
per  ton. 

588.  Semibituminous  coal  delivered  to  the  State,  War,  and  Navy  Building. 
Washington,  D.  C,  1914-15.  Contract  guaranties  same  as  No.  581.  Price, 
$3.59  per  ton. 

587.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Detroit,  Mich.,  Treasury  Department,  1907-8.  Contract  guaranties: 
4.36  per  cent  ash,  "dry  coal";  14,000  B.  t  u.,  "as  received."  Price,  $3.30 
per  ton. 

588.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Detroit,  Mich.,  Treasury  Department,  1911-12.  Contract  guaranties: 
7.63  per  cent  ash,  "dry  coal";  14,200  B.  t.  u.,  "as  received."  Price,  $2.97 
per  toa 
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589.  Bituminous  coal  delivered  to  the  customhouse,  Detroit,  Mich.,  Treasury 
Department,  1911-12.    Contract  guaranties  and  price  same  as  No.,  588. 

590.  Bituminous  coal  delivered  to  the  post  office,  Detroit,  Mich.,  Treasury 
Department,  1913-14.  Contract  guaranties:  7.63  per  cent  ash,  **dry  coal'*; 
14,000  B.  t.  u.,  "  as  received."    Price,  $3.15  per  ton. 

591.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Detroit,  Mich.,  Treasury  Department,  1914-15.  Contract  guaranties: 
32  per  cent  volatile  matter,  1.5  per  cent  sulphur,  8  per  cent  ash,  ''  dry  coal  '* ; 
14,000  B.  t.  u.,  "  as  received."    Price,  $3.05  per  ton. 

598.  Bituminous  coal  delivered  to  Fort  Crockett,  Tex.,  Quartermaster  Corps, 
War  Department,  1912-13.    Price,  $7  per  ton. 

598.  Bituminous  coal  delivered  to  the  Marion  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  National  Military  Home,  Ind.,  1913-14.  Con- 
tract guaranties:  4  per  cent  moisture,  "as  received";  34  per  cent  volatile 
matter,  0.85  per  cent  sulphur,  12  per  cent  ash ;  12,700  B.  t  u.,  "  dry  coaL"  Price, 
$2.60  per  ton  (2,000  pounds). 

594.  Bituminous  coal  delivered  to  the  United  States  Indian  school.  Mount 
Pleasant,  Mich.,  Office  of  Indian  Affairs,  Department  of  the  Interior,  1914-15. 
Price,  $3,297  per  ton. 

595.  Bituminous  coal  delivered  to  the  Marion  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  National  Military  Home,  Ind.,  1914-15.  Con- 
tract  guaranties :  2.5  per  cent  moisture,  "  as  received  " ;  34  per  cent  volatile 
matter,  1  per  cent  sulphur,  9  per  cent  ash;  and  18,500  B,  L  u.,  "dry  coaL** 
Price.  $2.50  per  ton  (2,000  pounds), 

596.  Bituminous  coal  delivered  to  the  United  States  engineer  office.  Grand 
Rapids,  Mich.,  War  Department,  1914-15.  Contract  guaranties:  2  per  cent 
moisture,  "as  received";  35  per  cent  volatile  matter,  0.8  per  cent  sulphur, 
5.91  per  cent  ash,  14,300  B.  t  u.,  "dry  coal."  Price  per  ton  (2,000  pounds), 
$3.05  for  delivery  at  St.  Joseph,  South  Haven,  Holland,  Grand  Haven,  and 
Muskegon,  Mich.;  $3.25  at  Ludlngton,  Manistee,  and  Frankfort,  Mich.;  and 
$3.40  at  Charlevoix,  Mich. 

597.  -  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office.  Grand  Rapids,  Mich.,  Treasury  Department,  1911-12.  Contract  guaran- 
ties :  5.05  per  cent  ash,  "  dry  coal" ;  14,500  B.  t  u.,  "  as  received."  Price,  $3.58 
per  ton. 

598.  Bituminous  coal  delivered  to  the  Central  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  National  Military  Home,  Ohio,  1913- 
14.  Contract  guaranties:  2.5  per  cent  moisture,  "as  received";  33  per  cent 
volatile  matter,  1.25  per  cent  sulphur,  8  per  cent  ash,  14,200  B.  t.  u.,  "  dry  coal." 
Price,  $2.68  per  ton  (2,000  pounds). 

599.  Bituminous  coal  delivered  to  the  Wagner  Wells  Pumping  Station  of  the 
Central  Branch  of  the  National  Home  for  Disabled  Volunteer  Soldiers,  Na- 
tional Military  Home,  Ohio,  1913-14.  Contract  guaranties  same  as  No.  598. 
Price,  $2.33  per  ton  (2,000  pounds). 

600.  Bituminous  coal  delivered  to  the  Central  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  National  Military  Home,  Ohio,  1014-15.  Con- 
tract guaranties:  2  per  cent  moisture,  "as  received";  33  per  cent  volatile 
matter,  1.25  per  cent  sulphur,  7.5  per  cent  ash,  14,200  B.  t.  u.,  "dry  coal." 
Price,  $2.60  per  ton  (2,000  pounds). 

601.  Bituminous  coal  delivered  to  the  United  States  courthouse  and  post 
office,  Detroit,  Mich.,  Treasury  Department,  1908-0.  Contract  guaranties:  6.1 
per  cent  ash,  "  dry  coal" ;  14,000  B.  t.  u.,  "  as  received."    Price,  $3  per  ton. 

602.  Bituminous  coal  delivered  to  the  customhouse,  Detroit,  Mich.,  Treas- 
ury Department,  1908-9.    Contract  guaranties  and  price  same  as  No.  601. 
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608.  Bituminous  coal  delivered  to  the  Central  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  National  Military  Home,  Ohio,  1912-13.  Ck)n- 
tract  guaranties :  1.2  per  cent  moisture,  "  as  received" ;  6  per  cent  ash,  14,210 
B.  t  u.,  "  dry  coal."    Price,  $2.50  per  ton  (2,000  pounds). 

604.  Bituminous  coal  delivered  to  the  Wagner  Wells  Piunping  Station  of  the 
Central  Branch  of  the  National  Home  for  Disabled  Volunteer  Soldier^,  Na- 
tional Military  Home,  Ohio,  1912-13.  Contract  guaranties  same  as  No.  603. 
Price,  $2.15  per  ton  (2,000  pounds). 

605.  Bituminous  coal  delivered  to  the  Marion  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  National  Military  Home,  Ind.,  1911-12.  Con- 
tract guaranties :  8  per  cent  ash,  "  dry  coal" ;  13,600  B.  t.  u.,  "  as  received." 
Price,  $2.20  per  ton  (2,000  pounds). 

606.  Bituminous  coal  delivered  to  the  Marlon  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  National  Military  Home,  Ind.,  1912-13.  Con- 
tract guaranties :  1.25  per  cent  moisture,  "  as  received" ;  10  per  cent  ash,  13,700 
B.  t.  u.,  "dry  coal."    Price,  $2.25  per  ton  (2,000  pounds). 

607.  Semibituminous  coal  delivered  to  Fort  Dade,  Fla.,  Quartermaster  C3orps, 
War  Department,  1911-12.  Contract  guaranties:  6  per  cent  ash,  "dry  coal"; 
14,600  B.  t.  u.,  "  as  received."    Price,  $5.65  per  ton. 

608.  Semibituminous  coal  delivered  to  Fort  Dade,  Fla.,  Quartermaster  Corps, 
War  Department,  1913-14.  Contract  guaranties :  5  per  cent  moisture,  "as  re- 
ceived"; 0.75  per  cent  sulphur,  7.5  per  cent  ash,  14,250  B.  t.  u.,  "dry  coal." 
Price,  $8.25  per  ton. 

609.  Semibituminous  coal  delivered  to  Fort  Dade^  Fla.  (vessels  at  Tampa, 
Pla.),  Quartermaster  Corps,  War  Department,  1913-14.  Contract  guaranties 
same  as  No.  608.    Price,  $5.50  per  ton. 

610.  Semibituminous  coal  delivered  to  the  United  States  engineer  office, 
Tampa,  Fla.,  for  use  on  vessels.  War  Department,  1914-15.  Contract  guaran- 
ties :  4.5  per  cent  moisture,  "  as  received  " ;  20  per  cent  volatile  matter,  1  per 
cent  sulphur,  7.5  per  cent  ash,  14,500  B.  t.  u.,  "  dry  coal."    Price,  $5.50  per  ton. 

611.  Semibituminous  coal  delivered  to  the  United  States  engineer  office, 
Norfolk,  Va.,  War  Department,  1914-15.  Contract  guaranties:  1.5  per  cent 
moisture,  "as  received";  18  per  cent  volatile  matter,  0.65  per  cent  sulphur,  5 
per  cent  ash,  14^800  B.  t.  u.,  "dry  coal."    Price,  $2.53  per  ton  (2,000  pounds). 

612.  Semibituminous  coal  delivered  to  the  fifth  lighthouse  district,  Norfolk, 
Va.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1914-15.  Contract 
guaranties :  2  per  cent  moisture,  "  as  received  " ;  19,  per  cent  volatile  matter, 
1  per  cent  sulphur,  6  per  cent  ash,  14,850  B.  t.  u.,  "  dry  coal."  Price,  $2.83  per 
ton. 

618.  Semibituminous  coal  delivered  to  Fort  Dade,  Fla.,  Quartermaster  Corps, 
War  Department,  1914-15.  Contract  guaranties:  5  per  cent  moisture,  "as 
received  " ;  20  per  cent  volatile  matter,  0.75  per  cent  sulphur,  7.5  per  cent  ash, 
14,250  B.  t.  U.J  "dry  coal."  Price  $5.50  per  ton  on  boats  at  Tampa,  Fla.,  and 
$8  per  ton  In  bins  at  the  fort. 

614.  Semibituminous  coal  delivered  to  Fort  Screven,  Ga.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  2  per  cent  moisture, 
"  as  received  " ;  6.5  per  cent  ash,  14,700  B.  t.  u.,  "  dry  coal."  Price,  $4.82  per 
ton  in  vessels  at  Savannah,  Ga.,  and  $5.76  per  ton  at  the  fort. 

615.  Semibituminous  coal  delivered  to  Fort  McKlnley,  Me.,  Quartermaster 
Corps,  War  Departn^ent,  1911-12.  Contract  guaranties:  6  per  cent  ash,  "dry 
coal " ;  14,300  B.  t.  u.,  "  as  received."    Price,  $6.67  per  ton, 

'  616.  Semibituminous  coal  delivered  to  the  naval  hospital,  Norfolk,  Va.,  Navy 
Department,  1909-10.  Contract  guaranties;  6  per  cent  ash,  0.75  per  cent  sul- 
phur, "  dry  coal " ;  14,600  B.  t.  u.,  "  as  received."    Price,  $2.85  per  ton. 
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617.  Seiuibituminous  coal  dellyered  to  the  Northwestern  Branch  of  the  Na- 
tional Home  for  Disabled  Volunteer  Soldiers,  National  Home,  Wis.,  1911-12. 
CJontract  guaranties :  7  per  cent  ash,  "  dry  ooal  " ;  14,088  B.  t  u.,  "  as  rec^ved. ' 
Price,  18.45  per  ton  (2,000  pounds). 

618.  Semlbltumlnous  coal  delivered  to  the  naval  hospital,  Norfolk,  Va^ 
Navy  Department,  1911-12.  Contract  guaranties:  6  per  cent  ash,  14,600  B.  t  o^ 
"  as  received."    Price,  ^.95  pfer  ton. 

619.  Semlbltumlnous  coal  delivered  to  the  United  States  engineer  office, 
Charleston,  S.  C,  War  Department,  1912-18.  Contract  guaranties :  2.5  per  cent 
moisture,  1  per  cent  sulphur,  6  per  cent  ash,  14,500  B.  t  a.,  *'as  received." 
Price,  $3.65  per  ton  (2,000  pounds). 

6S0.  Semlbltumlnous  coal  delivered  to  the  naval  hospital,  Norfolk,  Va.,  Navy 
Department,  1912-18.  Contract  guaranties:  L57  per  cent  moisture,  "as 
received  " ;  18.8  per  cent  volatile  matter,  0.7  per  cent  sulphur,  5.5  per  cent  ash, 
14,850  B.  t  u..  "  dry  coaL"    Price,  $2.89  per  ton. 

621.  Semlbltumlnous  coal  delivered  to  Fort  Adams,  R.  I.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  9  peat  cent  ash,  **  dry 
coal" ;  14,000  B.  t  u.,  "  as  received."    Price,  $5.25  per  ton. 

622.  Semlbltumlnous  coal  delivered  to  Fort  Adams,  R.  I.,  Quartermaster 
Corps,  War  Department,  1912-18.  Contract  guaranties:  4  per  co&t  moisture, 
•*  as  received  " ;  10  per  cent  ash,  18,850  B.  t  u.,  "  dry  coal."    Price,  $5.25  per  ton. 

628.  Semlbltumlnous  coal  delivered  to  Fort  Oreble,  R.  I.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  4  per  cent  moisture, 
"  as  received" ;  9  per  cent  ash,  13,800  B.  t  u.,  "  dry  coaL"    Price,  $5.20  per  ton. 

624.  Semlbltumlnous  coal  delivered  to  the  navy  yard  at  Norfolk,  Va.,  Navy 
Department,  1911-12.  Contract  guaranties:  7  per  cent  ash,  14,700  B.  t  u., 
"  as  received."    Price,  $2.50  per  ton. 

625.  Semibituminous  coal  delivered  to  harbor  boats,  depot  quartermaster, 
Boston,  Mass.,  Quartermaster  Corps,  War  Department,  1918-14.  Contract 
guaranties :  1  per  cent  moisture,  "  as  received" ;  6.5  per  cent  ash,  14,600  B.  t  u., 
*•  dry  coal."    Price,  $4.09  per  ton. 

626.  Semlbltumlnous  coal  delivered  to  Fort  Warren,  Mass.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  1.5  per  cent  moisture, 
"  as  received" ;  6.5  per  cent  ash,  14,500  B.  t  u.,  "  dry  coal."    Price,  $5.12  per  ton. 

627.  Semibituminous  coal  delivered  to  the  quartermaster  depot,  Boston, 
Mass.,  Quartermaster  C]k)rps,  War  Department,  1914-15.  Contract  guaranties: 
1.5  per  cent  moisture,  **  as  received  " ;  17.5  per  cent  volatile  matter,  0.75  per  cent 
sulphur,  6.5  per  cent  ash,  *14,500  B.  t.  u.,  "  dry  coal."    Price,  $8.98  per  ton. 

628.  Semibituminous  coal  delivered  to  Fort  Andrews,  Mass.,  Quartermaster 
C3orps,  War  Department,  1914-15.  Contract  guaranties:  1.5  per  cent  moisture, 
"  as  received" ;  6.5  per  cent  ash,  14,500  B.  t.  u.,  "  dry  coaL"    I*rice,  $5.27  per  ton. 

tf29.  Bituminous  coal  delivered  to  the  District  of  Columbia  workhouse,  CkN 
coquan,  Va.,  1912-18.  Contract  guaranties:  8.5  per  cent  moisture,  "as  re- 
ceived " ;  7.5  per  cent  ash,  14,000  B.  t.  u.,  "  dry  coal."    Price,  $3.19  per  toUi 

880.  Bituminous  coal  delivered  to  the  District  of  Columbia  workhouse,  Oc- 
coquan,  Va.,  1914-15.  Contract  guaranties:  3.5  per  cent  moisture,  "as  re- 
ceived " ;  36  per  cent  volatile  matter,  1.5  per  cent  sulphur,  7.5  per  cent  ash, 
14,000  B.  t  u.,  "  dry  coal."    Price,  $3.52  per  ton. 

631.  Semlbltumlnous  coal  delivered  to  the  naval  hospital,  Norfolk,  Va.,  Navy 
Department,  1910-11.  Contract  guaranties:  6  per  cent  ash,  "dry  coal"; 
14,500  B.  t.  u.,  "  as  received."    Price,  $2.93  per  ton. 

682.  Semibituminous  coal  delivered  to  Fort  Screven,  Ga,,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  6  per  cent  ash,  "dry 
coal " ;  14,850  B.  t.  u.,  "  as  received."    Price,  $5.28  per  ton. 
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688.  Semlbituminous  coal  delivered  to  the  League  Island  Navy  Yard,  Phila- 
delphia, Pa.,  Navy  Department,  1908-9.  Contract  guaranties:  T^per  cent  ash, 
"  dry  coal " ;  14,250  B.  t.  u.,  "  as  received."    Price,  $2.92  per  ton. 

684.  Semlbituminous  coal  delivered  to  Picatinny  Arsenal,  Dover,  N.  J.,  War 
Department,  1910-11.  Contract  guaranties :  8  per  cent  ash,  "  dry  coal " ;  14,100 
B.  t  u.,  "  as  received.'*    Price,  $3.42  per  ton. 

685.  Semlbituminous  coal  delivered  to  the  Government  Hospital  for  the 
Insane,  Washington,  D.  C,  Department  of  the  Interior,  1912-13.  Contract 
guaranties:  1.25  per  cent  moistrue,  "as  received";  8  per  cent  ash,  14,000 
B.  t  n.,  ••  dry  coal."    Price,  $2.65  per  ton. 

636.  Semlbituminous  coal  delivered  to  the  Picatinny  Arsenal,  Dover,  N.  J., 
War  Department,  1911-12.  Contract  guaranties :  8.5  per  cent  ash,  "  dry  coal " ; 
14,145  B.  t.  u.,  "  as  received."    Price,  $3.25  per  ton. 

687.  Bituminous  coal  delivered  to  the  Marion  Branch  of  the  National  Home 
for  Disabled  Volunteer  Soldiers,  National  Military  Home,  Ind.,  1910-11.  Con- 
tract guaranties:  9  per  cent  ash,  "dry  coal";  12,500  B.  t  u.,  "as  received." 
Price,  $2.25  per  ton  (2,000  pounds). 

688.  Semlbituminous  coal  delivered  to  the  post  office  and  subtreasury,  Bos- 
ton, Mass.,  Treasury  Department,  1911-12.  Contract  guaranties:  5.25  per  cent 
ash,  "  dry  coal " ;  14,500  B.  t  u.,  "  as  received."    Price,  $4.05  per  ton. 

639.  Semlbituminous  coal  delivered  to  Watertown  Arsenal,  Mass.,  War  De- 
partment, 1913-14.  Contract  guaranties :  3  per  cent  moisture,  "  as  received  " ; 
18  per' cent  volatile  matter,  0.65  per  cent  sulphur,  5.5  per  cent  ash,  14,850  B. 
t.  u.,  "  dry  coal."    Price,  $4.60  per  ton. 

640.  Semlbituminous  coal  delivered  to  Watertown  Arsenal,  Watertown, 
Mass.,  War  Department,  1914-15.  Contract  guaranties:  3  per  cent  moisture, 
"  as  received  " ;  18  per  cent  volatile  matter,  0.7  per  cent  sulphur,  5.5  per  cent 
ash,  14,850  B.  t.  u.,  "  dry  coal."    Price,  $4.35  per  toil. 

641.  Semlbituminous  coal  delivered  to  the  Southern  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Soldiers'  Home,  Va.,  1911-12. 
Contract  guaranties :  4  per  cent  ash,  "  dry  coal " ;  and  14,750  B.  t.  u.,  "  as  re- 
ceived."   Price,  $2.77  per  ton. 

642.  Semlbituminous  coal  delivered  to  the  Watertown  Arsenal.  Watertown, 
Mass.,  War  Department,  1911-12.  Contract  guaranties :  5.9  per  cent  ash,  "  dry 
coal  " ;  14,500  B.  t.  u.,  "  as  received."    Price,  $4.08  per  ton. 

648.  Semlbituminous  coal  delivered  to  the  Southern  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Soldiers'  Home,  Va.,  1914-15. 
Contract  guaranties :  2.75  per  cent  moisture,  "  as  received  " ;  18  per  cent  vola- 
tile matter,  0.6  per  cent  sulphur,  5.5  per  cent  ash,  14,800  B.  t.  u.,  "dry  coal." 
Price,  $2.94  per  ton. 

644.  Semlbituminous  coal  delivered  to  the  navy  yard  at  Norfolk,  Va.,  Navy 
Department,  1912-13.  Contract  guaranties :  2.5  per  cent  moisture,  "  as  re- 
ceived " ;  17  per  cent  volatile  matter,  0.6  per  cent  sulphur,  5  per  cent  ash,  15,000 
B.  t  u..  "dry  coal."  .Price,  $2.63  per  ton. 

645.  Semlbituminous  coal  delivered  to  the  navy  yard  at  Washington,  D.  C, 
Navy  Department,  1912-13.  Contract  guaranties :  2  per  cent  moisture,  "  as  re- 
ceived " ;  19  per  cent  volatile  matter,  1  per  cent  sulphur,  3  per  cent  ash,  15,100 
B.  t  u.,  "  dry  coal."    Price,  $2.95  per  ton. 

646.  Semlbituminous  coal  delivered  to  the  navy  yard  at  Washington,  D.  C, 
Navy  Department,  1913-14.  Contract  guaranties :  3  per  cent  moisture,  "  as  re- 
ceived " ;  22  per  cent  volatile  matter,  1  per  cent  sulphur,  4  per  cent  ash,  15,000 
B.  t.  u.^  "  dry  coal."    Price,  $3.10  per  ton. 

647.  Semibltuminous  coal  delivered  to  the  navy  yard  at  Charleston,  S.  C, 
Navy  Department,  1908-9.  Contract  guaranties :  7  per  cent  ash,  "  dry  coal  " ; 
14,500  B.  t.  u.,  "  as  received."    Price,  $4.03  per  ton. 
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648.  Semibituminous  coal  delivered  to  the  Bureau  of  Engraving  and  Print- 
ing, Washington,  D.  C,  Treasury  Department,  1911-12.  Contract  guaranties: 
6  per  cent  ash,  "  dry  coal " ;  14,700  B.  t  u.,  "  as  received."    Price,  $3.15  i)er  ton. 

649.  Semibituminous  coal  delivered  to  the  State,  War,  and  Navy  Building, 
Washington,  D.  C,  1911-12.  Contract  guaranties :  5  per  cent  ash,  "  dry  coal " ; 
14,700  B.  t  u.,  "  as  received."    Price,  $3.45  per  ton. 

650.  Semibituminous  coal  delivered  to  the  Treasury  Building,  Washington, 
D.  C,  Treasury  Department,  1911-12.  Contract  guaranties:  5  per  cent  ash, 
•*  dry  coal " ;  14,700  B.  t  u.,  "  as  received."    Price,  $3.60  per  ton. 

661.  Semibituminous  coal  delivered  to  the  Naval  Medical  School  Hospital, 
Washington,  D.  C,  Navy  Department,  1911-12.  Contract  guaranties :  5  per  cent 
ash.  14,800  B.  t.  u.,  "  as  received."    Price,  $3.35  per  ton. 

652.  Semibituminous  coal  delivered  to  the  Weather  Bureau,  Bluemont,  Va., 
Department  of  Agriculture,  1912-13.  Contract  guaranties :  2  per  cent  moisture, 
**  as  received  " ;  5  per  cent  ash,  14,600  B.  t.  u.,  "  dry  coaL"    Price,  $3.80  per  ton. 

658.  Semibituminous  coal  delivered  to  the  second  lighthouse  district,  Boston, 
Mass.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1914-15.  Contract 
guaranties:  2.5  per  cent  moisture,  "as  received";  18  per  cent  volatile  matter. 
1  per  cent  sulphur,  6  per  cent  ash,  14,750  B.  t  u.,  "dry  coal."  Price,  $4.12 
per  ton. 

664.  Bituminous  coal  delivered  to  Galveston,  Tex.  (foi  vessels),  Quarter- 
master Corps,  War  Department,  in  June  and  July,  1914. 

655.  Semibituminous  coal  delivered  to  Freedmen^s  Hospital,  Washington, 
D.  C,  Department  of  the  Interior,  1911-^2.  Contract  guaranties :  5  per  cent  ash, 
"  dry  coal " ;  14,500  B.  t.  u.,  "  as  received."    Price,  $3.44  per  ton. 

666.  Semibituminous  coal  delivered  to  the  fourth  lighthouse  district,  Phila- 
delphia, Pa.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1911-12. 
Price,  $2.65  per  ton. 

657.  Semibituminous  coal  delivered  to  the  Panama  Railroad  Co.  (bunker 
coal),  at  New  York,  N.  Y.,  1910-11.  Contract  guaranty:  14,000  B.  t  u..  "as 
received."    Price,  $2.77  per  ton. 

658.  Semibituminous  coal  delivered  to  the  Government  Hospital  for  the 
Insane,  Washington,  D.  C,  Department  of  the  Interior,  1911-12.  Contract  guar- 
anties :  6  per  cent  ash,  "  dry  coal " ;  14,200  B.  t  u.,  "  as  received."  Price,  $2.75 
per  ton. 

659.  Semibituminous  coal  delivered  to  Fort  Howard,  Md.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  3  per  cent  moisture, 
**  as  received" ;  7  per  cent  ash,  14,100  B.  t.  u.,  "  dry  coal."    Price,  $2.85  per  ton. 

660.  Semibituminous  coal  delivered  to  Fort  Howard,  Md.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  6  per  cent  ash,  "dry 
coal" ;  14,200  B.  t  u.,  "  as  received."    Price,  $2.70  per  ton  delivered  to  vessels. 

661.  Semibituminous  coal  delivered  to  Fort  Howard,  Md.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  3  per  cent  moisture, 
"  as  received" ;  6  per  cent  ash,  14,400  B.  t.  u.,  "  dry  coal."  Price,  $2.70  per  ton 
for  delivery  to  vessels  and  $3.38  per  ton  for  delivery  to  post. 

662.  Semibituminous  coal  delivered  to  the  Southern  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Soldiers'  Home,  Va.,  1910-11. 
Contract  guaranties :  4  per  cent  ash,  "  dry  coal" ;  14,750  B.  t  u.,  "  as  received." 
Price,  $2.89  per  ton. 

668.  Semibituminous  coal  delivered  to  Winder  Building,  Washington,  D.  C, 
Treasury  Department,  1910-11.  Contract  guaranties:  5  per  cent  ash,  "dry 
coal" ;  14,700  B.  t.  u.,  "  as  received."    Price,  $3.35  per  ton. 

664.  Semibituminous  coal  delivered  to  the  Bureau  of  Engraving  and  Print- 
ing, Washington,  D.  C,  Treasury  Department,  1910-11.    Contract  guaranties: 
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4  per  cent  ash,  "dry  coal";  14,710  B.  t  u.,  "as  received."    Price,  $3.19  per 
ton. 

665.  Semibitnminous  coal  delivered  to  the  Treasury  Building,  Washington. 
J>.  C,  Treasury  Department,  1910-11.  Contract  guaranties:  5  per  cent  ash, 
*•  dry  coal" ;  14,700  B.  t  u.,  "  as  received."    Price,  $3.30  per  ton, 

666.  Semibituminous  coal  delivered  to  Fort  Williams,  Me.,  Quartermaster 
€k)rps,  War  Department,  1911-12.  Contract  guaranties:  6  per  cent  ash,  "dry 
coal" ;  14,300  B.  t  u.,  "  as  received."  Price,  $4.65  per  ton,  delivery  at  Portland, 
Me. 

667.  Semibituminous  coal  delivered  to  Fort  Monroe,  Ta.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  6  per  cent  ash  "dry 
coal" ;  14,600  B.  t.  u.,  "  as  received."  Price,  $3.11  per  ton  for  delivery  to  post 
and  $3.29  per  ton  for  delivery  at  artillery  school. 

668.  Semibituminous  coal  delivered  to  the  Winder  Building,  Washington, 
D.  C,  Treasury  Department,  1911-12.  Contract  guaranties:  5  per  cent  ash, 
*•  dry  coal" ;  14,600  B.  t  u.,  "  as  received."    Price  $3.50  per  ton. 

669.  Semibituminous  coal  delivered  to  Fort  Monroe,  Va.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  2.5  per  cent  moisture, 
"  as  received" ;  6  per  cent  ash,  14,850  B.  t  u.,  "  dry  coal."  Price,  $3.09  per  ton 
for  delivery  at  the  artillery  school. 

670.  Semibituminous  coal  delivered  to  Fort  Williams,  Me.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  4.5  per  cent  moisture, 
**as  received";  6  per  cent  ash,  14,500  B.  t.  u.,  "dry  coal."  Price,  $4.80  per 
ton,  delivery  at  Portland,  Me. 

671.  Semibituminous  coal  delivered  to  the  Southern  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Soldiers'  Home,  Va.,  1912-13. 
Contract  guaranties :  2  per  cent  moisture,  "  as  received" ;  4  per  cent  ash,  14,950 
B.  t.  u.,  "  dry  coal."    Price,  $2.76  per  ton. 

672.  Semibituminous  coal  delivered  to  Fort  Williams,  Me.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  3.5  per  cent  moisture, 
"as  received";  22  per  cent  volatile  matter,' 1  per  cent  sulphur,  6  per  cent  ash, 
14,300  B.  t.  ti.,  "  dry  coal."  Price,  $5.30  per  ton  for  delivery  at  post  and  $4.90 
per  ton  for  delivery  to  vessels. 

678.  Semibituminous  coal  delivered  to  the  Southern  Branch  of  the  National 
Home  for  Disabled  Volunteer  Soldiers,  National  Soldiers'  Home,  Va.,  1913-14. 
Contract  guaranties:  3  per  cent  moisture,  "as  received";  22  per  cent  volatile 
matter,  0.95  per  cent  sulphur,  6.5  per  cent  ash,  14,800  B.  t.  u.,  "dry  coal." 
Price,  $3.13  per  ton. 

674.  Semibituminous  coal  delivered  to  the  United  States  engineer  office, 
Georgetown,  S.  C,  War  Department,  1912-13.  Contract  guaranties:  2.5  per 
cent  moisture,  1  per  cent  sulphur,  6  per  cent  ash,  14,500  B.  t.  u.,  "  as  received." 
Price,  $3.65  per  ton  (2,000  pounds). 

675.  Semibituminous  coal  delivered  to  the  District  Building,  Washington, 
D.  C,  1913-14.  Contract  guaranties:  3  per  cent  moisture,  "as  received";  22 
per  cent  volatile  matter,  1  per  cent  sulphur,  5  per  cent  ash,  15,000  B.  t.  u., 
**  dry  coal."  Price,  $3.65  per  ton. 

676.  Semibituminous  coal  delivered  to  the  Treasury  Building,  Washington, 
D.  C,  Treasury  Department,  1913-14.  Contract  guaranties:  3.5  per  cent  mois- 
ture, "  as  received" ;  5  per  cent  ash,  15,000  B.  t.  u.,  "  dry  coal."  Price,  $3.95 
per  ton. 

677.  Semibituminous  coal  delivered  to  the  New  National  Museum,  Washing- 
ton, D.  C,  Smithsonian  Institution,  1913-14.  Contract  guaranties:  3  per  cent 
moisture,  "as  received";  5  per  cent  ash,  15,000  B.  t  u.,  "dry  coal."  Price, 
^.90  per  Jton. 


^ 
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878.  Semlbitnminous  coal  deliTered  to  the  Govemment  Printing  Office,  Wash- 
ington, D.  C,  1913-14.  Contract  guaranties:  3  per  c«it  moisture,  "as  re- 
ceived** ;  22  per  cent  volatile  matter,  1  per  cent  sulphur,  5  per  cent  ash,  15,000 
B.  t  u.,  "  dry  coaL"    Price,  $3.75  per  ton. 

879.  Semibituminous  coal  delivered  to  the  Treasury  Building,  Washington, 
D.  C.y  Treasury  Department^  1914-15.  Contract  guaranties :  3  per  cent  moisture^ 
"as  received";  22  per  cent  volatile  matter,  1  per  cent  sulphur,  5  per  cent 
ash,  14396  B.  t  u.,  "  dry  coaL"    Price,  $3.73  per  ton. 

880.  Semibituminous  coal  delivered  to  the  District  Building,  Washington, 
D.  C,  1914-15.  Contract  guaranties :  2.5  per  cent  moisture,  "  as  received** ;  22 
per  cent  volatile  matter,  1  per  cent  sulphur,  5  per  cent  ash,  14,895  B.  t  u.,  **  dry 
coal.**  Price,  $3.64  per  ton. 

881.  Semibituminous  coal  delivered  to  Fort  Monroe,  Va.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  2.5  per  cent  moisture^ 
"  as  received  ** ;  6  per  cent  ash,  14^50  B.  t  u.,  "  dry  coal.'*  Price,  $3,506  per 
ton  for  delivery  at  fort,  and  $3.22  per  ton  f.  o.  b.  vessels  at  Norfolk,  Va. 

882.  Semibituminous  coal  delivered  to  the  navy  yard  at  Washington,  D.  C. 
Navy  Department,  1914-15.  Contract  guaranties:  3  per  cent  moisture,  "as 
received**;  22  per  cent  volatile  matter,  1  per  cent  sulphur,  4  per  cent  ash» 
14,900  B.  t.  u.,  "  dry  coal.**    Price,  $3.05  per  ton. 

888.  Semibituminous  coal  delivered  to  the  Panama  Railroad  Co.,  Newport 
News,  Va.,  1908-9.  Contract  guaranty :  14,600  B.  t  u.,  "  as  received.'*  Price, 
$2.65  to  $2.80  per  ton,  f.  o.  b.  steamers;  April  1  to  August  31,  1908,  $2.65; 
September  1,  1908,  to  March  31,  1909,  $2.80. 

884  and  885.  Semibituminous  coal  delivered  to  the  Panama  Railroad  Co.,  at 
Sewalls  Point,  Norfolk,  Va.,  lOlO-lL  Contract  guaranty :  14,600  B.  t  u.,  "  as 
received.**    Price,  $2.60  per  ton. 

888.  Semibituminous  coal  dellvereil  to  the  Panama  Railroad  Co.,  Newport 
News,  Va.,  1911-12.  Contract  guaranty:  14,600  B.  t.  u.,  "  as^  received."  Price, 
$2.51  per  ton. 

887.  Semibituminous  coal  delivered  to  the  Panama  Railroad  Co.,  Newport 
News,  Va.,  1912-13.  Contract  guaranty:  14,800  B.  t  u.,  "dry  coal.'*  Price. 
$2.70  per  ton. 

888.  Semibituminous  coal  delivered  to  the  Panama  Railroad  Co.,  at  Sewalls 
Point,  Norfolk,  Va.,  1912-13.  Contract  guaranty:  14,800  B.  t.  u.,  "dry  coal.'* 
Price,  $2.70  per  ton. 

889.  Semibituminous  coal  delivered  to  the  Panama  Railroad  Co.,  at  Sewalls 
Point,  Norfolk,  Va.,  1913-14.    Contract  guaranty  and  price  same  as  No.  688. 

WEST  VIROIN*[A  AND  VIRGINIA  COALS. 

890.  Semibituminous  coal  delivered  to  the  United  States  engineer  office, 
Charleston,  S.  C,  War  Department,  1910-11,  Contract  guaranty:  6  per  cent 
ash,  "  dry  coal  ** ;  14,500  B.  t.  u.,  "  as  received.**    Price,  $3.23  per  ton. 

891.  Semibituminous  coal  delivered  to  Fort  Monroe,  Va.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  6  per  cent  ash,  "  dry 
coal  ** ;  14,600  B.  t.  u.,  "  as  received.**    Price,  $2.95  per  ton. 

898.  Semibituminous  coal  delivered  to  Fort  Monroe,  Va.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties :  2.67  per  cent  moisture^ 
"  as  received  " ;  6  per  cent  ash,  14,900  B.  t  u.,  "  dry  coal."    Price,  $2.95  per  ton. 

893.  Semibituminous  coal  delivered  to  the  navy  yard  at  Norfolk,  Va.,  Navy 
Department,  1913-14.  Contract  guaranties:  2.54  per  cent  moisture,  "as  re- 
ceived '* ;  19.35  per  cent  volatile  matter,  0.7  per  cent  sulphur,,  6.5  per  cent  ash, 
14,950  B.  t.  u.,  "  dry  coal.**    Price,  $2.85  per  ton. 
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684.  Semlbltuminous  coal  delivered  to  the  naval  hospital,  Norfolk,  Va.,  Navy 
Bepartment,  1913-14.  Contract  guaranties  same  as  No.  003.  Price,  $3.21  per 
ton. 

695.  Semlbltuminous  coal  delivered  to  Fort  Monroe,  Va.  (vessels  at  Norfoll^ 
and  Lamberts  Point,  Va.),  Quartermaster  Corps,  War  Department,  1913-14. 
Contract  guaranties:  2.67  per  cent  moisture,  "as  received";  22  per  cent 
volatile  matter,  2  per  cent  sulphur,  6  per  cent  ash,  14,900  B.  t.  u.,  '*  dry  coal.*' 
Price,  $2.95  per  ton. 

686.  Semlbltuminous  coal  delivered  to  New  Bedford,  Mass.,  second  light- 
house district.  Bureau  of  Lighthouses,  Department  of  Commerce,  1913-14.  Con- 
tract guaranties :  3  per  cent  moisture,  "  as  received " ;  19  per  cent  volatile 
matter,  0.75  per  cent  sulphur,  6  per  cent  ash,  14,900  B.  t  a,  "  dry  coal."  Price, 
$4.23  per  ton. 

687.  Semlbltuminous  coal  delivered  to  the  navy  yard  at  Norfolk,  Va.,  "Navy 
Department,  1914-15.  Contract  guaranties:  2.75  per  cent  moisture,  "as  re- 
ceived " ;  18  to  20  per  cent  volatile  matter,  0.05  to  1  per  cent  sulphur,  5  per 
cent  ash,  14,800  B.  t  u.,  "  dry  coal."    Price,  $2.80  per  ton. 

688.  Semlbltuminous  coal  delivered  to  the  naval  hospital,  Norfolk,  Va.,  Navy 
Department,  1914-15.  Contract  guaranties  same  as  No.  697.  Price,  $3.16  per 
ton. 

688.  Semlbltuminous  coal  delivered  to  the  Northwestern  Branch  of  the 
National  Home  for  Disabled  Volunteer  Soldiers,  National  Home,  Wis.,  1914-15. 
Contract  guaranties :  4  per  cent  moisture,  "  as  received  " ;  19  per  cent  volatile 
matter,  0.75  per  cent  sulphur,  5  per  cent  ash,  14,760  B.  t.  u.,  "  dry  coal."  Price, 
$3.07  per  ton  (2,000  pounds). 

700.  Semlbltuminous  coal  delivered  to  the  second  lighthouse  district.  New 
Bedford,  Mass.,  Bureau  of  Lighthouses,  Department  of  Commerce,  1914-15.  Con- 
tract guaranties :  3  per  cent  moisture,  "  as  received  " ;  20  per  cent  volatile  mat- 
ter, 0.6  per  cent  sulphur,  6  per  cent  ash,  14,750  B.  t.  u.,  "dry  coal."  Price, 
$4.28  per  ton. 

701.  Semlbltuminous  coal  delivered  to  Fort  Monroe,  Va.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties :  3.5  per  cent  moisture, 
"  as  received  " ;  6.5  per  cent  ash,  14,850  B.  t.  u.,  "  dry  coal."  Price,  $2.95  per 
ton  at  Norfolk,  Va. 

702.  Semlbltuminous  coal  delivered  to  the  navy  yard  at  Charleston,  S.  C, 
Navy  Department.  1914-15.  Contract  guaranties:  2  per  cent  moisture,  "as 
received  " ;  19.35  per  cent  volatile  matter,  0.6  per  cent  sulphur,  6  per  cent  ash, 
14,800   B.  t.  u.,  "  dry  coal."    Price,  $3.92  per  ton. 

708.  Semlbltuminous  coal  delivered  to  the  I*anama  Railroad  Ck).  at  Norfolk, 
Va.,  1908-9.  Contract  guaranty :  14,600  B.  t.  u.,  "  as  received."  Price,  per  ton, 
f.  o.  b.  steamers,  April  1  to  August  31,  1908,  $2.65;  September  1,  1908,  to 
March  31,  1909,  $2.80. 

704.  Semlbltuminous  coal  delivered  to  the  Panama  Railroad  Co.  at  Norfolk, 
Va.,  in  1909-10.  Contract  guaranty:  14,600  B.  t.  u.,  "as  recelveil."  Price, 
per  ton,  f.  o.  b.  steamers,  April  1  to  August  31,  1909,  $2.34 ;  September  1,  1909,  to 
March  31,  1910,  $2.44. 

705,  706,  707.  Semlbltuminous  coal  delivere«l  to  the  Panama  Railroad  Co.  at 
Lamberts  Point,  Va.,  1910-11.  Contract  guaranty :  14,600  B.  t.  u.,  "  as  received." 
Price,  $2.60  per  ton. 

708.  Semlbltuminous  coal  delivered  to  the  Panama  Railroad  Co.  at  Lam- 
berts Point,  Va.,  1911-12.  Contract  guaranty:  14,600  B.  t  u.,  "as  received." 
Price,  $2.6l  per  ton. 
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709,  710,  711.  Semibituminous  coal  delivered  to  the  Panama  Railroad  Co.  at 
Lamberts  Point,  Va.  Contract  guaranty:  14,800  B.  t.  u.,  "dry  coal."  Price, 
$2.70  per  ton.  No.  700  was  delivered  in  1912-13,  No.  710  in  1913-14,  and  No. 
711  in  1914-15. 

718.  Semibituminous  coal  delivered  to  the  Panama  Railroad  Co.  at  Lam- 
berts Point,  Va.,  1914-15.  Contract  guaranties:  8  per  cent  moisture,  ** as  re- 
ceived"; 21  per  cent  volatile  matter,  1.25  per  cent  sulphur,  7  per  cent  ash, 
14,700  B.  t,  u.,  "  dry  coal."    Price,  $2.70  per  ton. 

WYOMING  COALS. 

718.  Subbituminous  coal  delivered  to  Fort  Yellowstone,  Wyo.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  9  per  cent  moisture, 
"  as  received  " ;  3  per  cent  ash,  12,000  B.  t.  u.,  "  dry  coal."  Price,  $2.30  per  ton 
f.  o.b.  Klrby,  Wyo. 

714.  Bituminous  coal  delivered  to  Boise  Barracks,  Idaho,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties :  10  per  cent  ash,  "  dry 
coal " ;  12,500  B.  t.  u.,  **  as  received."  Price,  $8.40  per  ton  before  September  1, 
1911,  and  $8.96  per  ton  after  September  1, 1911. 

715.  Subbituminous  coal  delivered  to  the  Battle  Mountain  Sanitarium  of  the 
National  Home  for  Disabled  Volunteer  Soldiers,  Hot  Springs,  S.  Dak.,  1912-13. 
Contract  guaranties :  20  per  cent  moisture,  "  as  received  " ;  6  per  cent  ash,  12,500 
B.  t.  u.,  "  dry  coal."    Price,  $3.30  per  ton  (2,000  pounds). 

716.  Subbituminous  coal  delivered  to  the  Rapid  City  Indian  School,  Rapid 
City,  S.  Dak.,  Office  of  Indian  Affairs,  Department  of  the  Interior,  1910-11. 
Contract  guaranties :  3  per  cent  ash,  "  dry  coal " ;  10,500  B.  t  u.,  "  as  received.'* 
Price,  $4.70  per  ton  (2,000  pounds). 

717.  Subbituminous  coal  delivered  to  the  Blackfeet  Indian  Agency,  Brown- 
ing, Mont.,  Office  of  Indian  Affairs,  Department  of  the  Interior,  1910--11.  Con- 
tract guaranties :  3  per  cent  ash,  "  dry  cpal " ;  10,500  B.  t.  u.,  "  as  received.'* 
Price,  $6  per  ton  (2,000  pounds). 

718.  Subbituminous  coal  delivered  to  the  Indian  school,  Crow  Agency  Sta- 
tion, Mont.,  Office  of  Indian  Affairs,  Department  of  the  Interior,  1910-11  Con- 
tract guaranties  same  as  No.  717.    Price  $2,00  per  ton  (2,000  pounds). 

719.  Subbituminous  coal  delivered  to  Fort  Keogh,  Mont.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  20  per  cent  moisture, 
"  as  received  " ;  46  per  cent  volatile  matter,  1  per  cent  sulphur,  4  per  cent  ash, 
12,000  B.  t.  u.,  "  dry  coal."    Price,  $3.98  per  ton. 

720.  Subbituminous  coal  delivered  to  Fort  Meade,  S.  Dak.,  Quartermaster 
CJorps,  War  Department,  1914-15.  Contract  guaranties:  22  per  cent  moisture, 
"  as  received  " ;  40  per  cent  volatile  matter,  1  per  cent  sulphur,  3  per  cent  ash,. 
12,500  B.  t.  u.,  "  dry  coal."    Price,  $5.20  per  ton. 

721.  Subbituminous  coal  delivered  to  Fort  Robinson,  Nebr.,  Quartermaster 
Corps,  War  Department,  1914-15.  (Contract  guaranties  same  as  No.  720.  Price, 
$4.80  per  ton. 

722.  Subbituminous  coal  delivered  to  Fort  Robinson,  Nebr.,  Quartermaster 
Corps,  War  I>epartment,  1911-12.  Contract  guaranties:  3.5  per  cent  ash,  "dry 
coal  " ;  9,700  B.  t.  u.,  "  as  received."    Price,  $4.45  per  ton. 

723.  Subbituminous  coal  delivered  to  Fort  Mackenzie,  Wyo.,  Quartermaster 
Corps,  War  Department,  1911-12.  (Contract  guaranties:  3.5  per  cent  ash,  "dry 
coal " ;  9,700  B.  t.  u.,  "  as  received."    Price,  $2.15  per  ton. 

724.  Subbituminous  coal  delivered  to  Fort  Mackenzie,  Wyo.,  Quartermaster 
Corps,  War  Department,  1912-13.  Contract  guaranties:  15  per  cent  moisture, 
"  as  received  " ;  4  per  cent  ash,  10,000  B.  t.  u.,  "  dry  coal."    Price,  $2  per  ton. 
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725.  Subbituminous  coal  delivered  to  Fort  Meade,  S.  Dak.,  Quartermaster 
Corps,  War  Department,  1911-12.  Contract  guaranties:  6  per  cent  ash,  "dry 
coal " ;  9,500  B.  t.  u.,  "  as  received."    Price,  $6.50  per  ton. 

726.  Subbituminous  coal  delivered  to  Fort  Robinson,  Nebr.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  15  per  cent  moisture, 
"  as  received  " ;  40  per  cent  volatile  matter,  1  per  cent  sulphur,  3  per  cent  ash, 
12,500  B.  t.  u.,  "  dry  coal."    Price,  $4.93  per  ton. 

727.  Subbituminous  coal  delivered  to  the  Battle  Mountain  Sanitarium  of  the 
National  Home  for  Disabled  Volunteer  Soldiers,  Hot  Springs,  S.  Dak.,  1913-14. 
Contract  guaranties :  18  per  cent  moisture,  "  as  received  " ;  44  per  cent  volatile 
matter,  0.43  per  cent  sulphur,  3  per  cent  ash,  12,585  B.  t  u.,  "dry  coal." 
Price,  $3.30  per  ton  (2,000  pounds). 

728.  Subbituminous  coal  delivered  to  Fort  Meade,  S.  Dak.,  Quartermaster 
Corps,  War  Department,  1913-14. 

728.  Subbituminous  coal  delivered  to  the  Battle  Mountain  Sanitarium  of  the 
National  Home  for  Disabled  Volunteer  Soldiers,  Hot  Springs,  S.  Dak.,  1910-11. 
Contract  guaranties :  5  per  cent  ash,  "  dry  coal " ;  10,500  B.  t  u.,  "  as  re- 
ceived."   Price,  $3.30  per  ton  (2,000  pounds). 

780.  Subbituminous  coal  delivered  to  the  Battle  Mountain  Sanitarium  of  the 
National  Home  for  Disabled  Volunteer  Soldiers,  Hot  Springs,  S.  Dak.,  1914-15. 
Contract  guaranties :  19  per  cent  moisture,  "  as  received " ;  36.49  per  cent 
volatile  matter,  0.95  per  cent  sulphur,  3.5  per  cent  ash,  12,610  B.  t  u.,  "dry 
coal."    Price,  $3.30  per  ton  (2.000  pounds). 

781.  Subbituminous  coal  delivered  to  Fort  Mackenzie,  Wyo.,  Quartermaster 
Corps,  War  Department,  1914r-15.  Contract  guaranties:  22  per  cent  moisture, 
"  as  received  " ;  37.75  per  cent  volatile  matter,  0.71  per  cent  sulphur,  6  per 
<fent  ash,  12,200  B.  t.  u.,  "  dry  coal."    Price,  $2.25  per  ton. 

732.  Subbituminous  coal  delivered  to  the  Battle  Mountain  Sanitarium  of  the 
National  Home  for  Disabled  Volunteer  Soldiers,  Hot  Springs,  S.  Dak.,  1911-12. 
CJontract  guaranties :  4  per  cent  ash,  "  dry  coal " ;  10,000  B.  t.  u.,  "  as  received." 
Price,  $3.30  per  ton  (2,000  pounds). 

733.  Bituminous  coal  delivered  to  Fort  D.  A.  Russell,  Wyo.,  Quartermaster 
Corps,  War  Department,  1913-14.  Contract  guaranties:  5  per  cent  moisture, 
"  as  received " ;  40  per  cent  volatile  matter,  0.8  per  cent  sulphur,  3.55  per 
cent  ash,  13,500  B.  t.  u.,  "  dry  coal."    Price,  $5.91  per  ton. 

784.  Bituminous  coal  delivered  to  Fort  D.  A.  Russell,  Wyo.,  Quartermaster 
Corps,  War  Department,  1914-15.  Contract  guaranties:  8  per  cent  moisture, 
"  as  received " ;  43  per  cent  volatile  matter,  0.85  per  cent  sulphur,  3.72  per 
cent  ash,  13,500  B.  t  u.,  "  dry  coal."    Price,  $5.91  per  ton. 


PUBLICATIONS  ON  FUEL  TECHNOLOOT. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed,  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Bequests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of  especial  interest 
to  them.  Requests  for  publications  should  be  addressed  to  the 
Director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications 
available  for  free  distribution  as  well  as  those  obtainable  only  from 
the  Superintendent  of  Documents,  Government  Printing  Office,  on 
payment  of  the  price  of  printing.  Interested  pei*sons  should  apply 
to  the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

Bulletin  2.  North  Dakota  Ugnite  as  a  fuel  for  power-plant  boilers,  by  D.  T. 
Kandall  and  Henry  Kreisinger.    1910.    42  pp.,  1  pL,  7  figs. 

Bulletin  4.  Features  of  producer-gas  power-plant  development  in  EiOrope, 
by  R.  H.  Fernald.    1910.  27  pp.,  4  pis.,  7  figs. 

Bulletin  5.  Washing  and  coking  tests  of  coal  at  Denver,  Cola,  July  1,  1908, 
to  June  30,  1909,  by  A.  W.  Belden,  O.  R.  Delamater,  J.  J.  Groves,  and  K.  M. 
Way.    1910.    62  pp.,  1  fig. 

Bulletin  6.  Coals  available  for  the  manufacture  of  illuminating  gas,  by 
A.  H.  White  and  Perry  Barker,  compiled  and  revised  by  H.  M.  Wilson.  1911. 
T7  pp.,  4  pis.,  12  figs. 

Bulletin  16.    The  uses  of  peat  for  fuel  and  other  purposes,  by  C.  A.  Davis. 

1911.  214  pp.,  1  pi.,  1  fig. 

Bl^letin  24.  Binders  for  coal  briquets,  by  J.  E.  Mills.  56  pp.,  1  fig.  Re- 
print of  United  States  Geological  Survey  Bulletin  343. 

Bulletin  28.  Experimental  work  conducted  in  the  chemical  laboratory  of 
the  United  States  fuel-testing  plant  at  St  Louis,  Mo.,  January  1,  1905,  to  July 
31,  1906,  by  N.  W.  Lord.  51  pp.  Reprint  of  United  States  Geological  Survey 
Bulletin  323. 
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Brownsville  Junction,  Pa.,  coal  from 

(899) 82,88,79 

Buckwheat  coal,  average  quality  of.  7 

Budd   mine.    Pa.,    coal    from    (473- 

480) 86,37,84 

Buffalo,    N.   Y.,   deliveries   at    (318, 

314,  897,  404-406) 28, 

29,  32,  83,  73,  79 
Buffalo    mine,    W.    Va.,    coal    from 

(687) 44,45,95 

Bulah  mine.  Pa.,  coal  from  (395).  82,83,78 
Bureau  of  Bngraving  and  Printing, 

deliveries    to    (580,    582, 

584,  648,  664) 42, 

43,  46,  47,  91,  96 

Bureau  of  Lighthouses,  deliveries 
to  (61,  74,  75,  80,  225, 
246,  319,  359,  402,  407. 
456,  459,  460,  463,  478, 
509,  574,   612,  653,   656, 

696,  700) 10-13,22-25,28- 

39,  42-49,  55,  57,  67,  68,  74,  76, 
79,  82,  83,  84.  86,  91,  93,  96,  99 

Bureau  of  Mines,  work  of 8 

Burk     Hollow,     Kans.,     coal     from 

(222) 22,28,67 

Burnett,    Wash.,    coal    from    (536- 

545) 40,  41,  88,  89 

Burr  C  mine.  111.,  coal  from   (180- 

182) 20,21,64 


Page. 
Burrwood,  La.,  delivery  at  (85).  12,13,57 
Buttner,  W.  J.,  acknowledgment  to.  6 


C. 


California,  Pa.,  coal  from  (466) .  86,  37.  83 

Camden,  Pa.,  coal  from  (310) 28,29,73 

Cannel,  Tex.,  coal  from  (495) 88,89,86 

Cannelton,  W.  Va.,  coal  from  (556).        42, 

48,89 
Can  tine  mine.  111.,  coal  from   (141- 

143) 16,17.61 

Capitol    power   plant,    deliveries    to 

(369,  401) 30-88,77.79 

Carbon  Hill  mine.  Wash.,  coal  from 

(551) 40.41,89 

C*arbonado,  Wash.,  coal  from   (546- 

551) 40, 41.  89 

Carbondalc,     W.     Va.,     coal     from 

(596) 42,  48.  92 

Cardiff  mine.  Pa.,  coal  from    (340- 

355) 80,31,75.76 

Carlisle,  Pa.,  delivery  at  (418)..  84,35,80 
Carney     mine,     Wyo.,     coal     from 

(716-727) 60,  51, 100, 101 

C^rneyville,  Wyo.,  coal  from   (716- 

726) 50,51,100.101 

Carr  mine,  Kans.,  coal  from   (208- 

211) 22,23,65,66 

CarterviUe,    111.,    coal    from    (180- 

182) 20,21,64 

CaryviUe.  Tenn.,  coal  from (490).  36,87,85 
Castle     Gate,     Utah.,      coal      from 

(497) 38,39.85 

Celilo,  Oreg.,  delivery  at  (545)..  40,41,89 
Charleston,  S.  C,  deliveries  at  (502, 

509,  511,  513,  619.  647, 

690,  702) 38, 

39,  44,  49,  86,  94,  96,  98,  99 
Chattaroy.     W.     Va.,      coal     from 

(637) 44,  45, 95 

Cherokee    mine,    Kans.,    coal    from 

(202) 20,  21. 65 

Chestnut  coal,  average  quality  of 7 

Chicago.  111.,  deliveries  at  (124. 125, 

164,  165,  167-169,  192).  16-21, 

60,  63,  64 
Chimney    Rock.    Mont.,    coal    from 

(271) 26,  27,  70 

Christie,  Ohio,  acknowledgment  to —  5 

Christopher,    III.,    coal    from    (128- 

133) 16, 17,  60,  61 

Clairfleld,  Tenn.,  coal  from  (491).  36,  371  85 

Clay,  Kans.,  coal  from  (221) 22,  23,  66 

Clymer,  Pa.,  coal  from  (402)..  32,33.79 
Coal  Creek,  Wash.,  coal  from  (517- 

522) 40,41,87 

Coal  Creek  mine,  B.  C,  coal  from 

(21,  22) 8,  9,  53 

Coalfield.  Tenn.,  coal  from  (492) .  36,  87,  85 
Coketon,  W.  Va.,  coal  from  (656).  46.  47,  96 
Collins    mine,    W.    Va.,    coal    from 

(572) 42.43,90 

CoUinsviUe,    111.,    coal    from    (141- 

148) 16.17,61 
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Page. 
Columbia    Institute    for    the    Deaf, 

D.  C,  deliveriefl  to  (229. 

234,  240) 22-25,67,68 

Columbus  Barracks,  Ohio,  deliveries 

at    (297-299) 28,29,72 

Colrer,  Pa.,  coal  from  (820-324).  30,  81,  74 
■Commercial   mines.   Pa.,    coal    from 

(369-874) 30.81,77 

Comoz  mine,  B.  C,  coal  from   (23, 

24) 8,9,63 

€onard,  J.  J.,  acknowledgment  to 5 

Consolidation   mine,   Pa.,  coal   from 

(434-153) 34,35,81,82 

Consolidation    mine,    W.    Va.,    coal 

from   (629,630) 44,45,94 

Consolidation  mines,  Md.,  coal  from 

(227-241) 2^25,67,68 

Cooper,  H.  M.,  acknowledgment  to —  5 

Corona,  Ala.,  coal  from  (84) 12, 18,  57 

Cottondale,  Ala.,  coal  from  (82).  12,13,57 
Cranberry  mine,  W.  Va..  coal  from 

(644,  645) 46.  47, 95 

Crane  Creek  mine,  W.  Va.,  coal  from 

(631) 44,45,94 

Crass   Mountain    mine,   Tenn.,    coal 

from   (489) 36,37,85 

Crescent     mine,      Pa.,     coal     from 

(466) 36,87,83 

Crested  Butte,  Colo.,  coal  from  (95- 

99) 14,15,58 

Crow  Agency  Station,  Mont.,  de- 
livery at  (718) 50.51,100 

Crozer    mine,    W.    Va.,    coal    from 

(615) 44,  45,  93 

Cullen,  J.,  acknowledgment  to 5 

Cumberland.  B.   C,   coal  from    (23, 

24) 8,9,53 

Curtis  Bay,  Md.,  delivery  at  (241).        24, 

25,68 

D. 

Dalles,  Oreg.,  delivery  at  (545)—  40,  41,  89 

Dante,  Va.,  coal  from  (501) 38.39,86 

Danville,  111.,  coal  from   (174-179).        18, 

19,  63,  64 

deliveries  at   (174-179).  18,19,63.64 

Davis,  J.  D.,  acknowledgment  to 5 

Davis    mine,     W.     Va.,     coal     from 

(656) 46,47,96 

Davy.  W.  Va.,  conl  from  (607-614).        44, 

45.93 

Dawson,  N.  Mex.,   coal  from    (272- 

279) 26,27,70,71 

Decota,  W.  Va.,  coal  from  (597).  42,43,92 
Delancey,     Pa.,     coal     from     (404— 

406) 32,83,79 

Delaware     City,     Del.,    delivery    at 

(376) 80,31.77 

Delta    mine.    Pa.,    coal    from    (317. 

318) 28,29,74 

Denning,  Ark.,  coal  from  (87) 12,13,58 

Denver,  Colo.,  deliveries  at   (95-99, 

106,  115-120).  14, 15,  58,  59,  60 


Page. 
Department  of  Agriculture,  deliveries 

to   (557.  576,  581,  585).        42. 

48,  89,  91 

See  also  Weather  Bureau. 

Department  of  Commerce.  See  Bu- 
reau of  LighthouA. 

Department  of  the  Interior.  Bee 
Freedmen's  Hospital; 
General  Land  OfBce ;  Gov- 
ernment Hospital  for  the 
'  Insane;  Howard  Univer- 
sity ;  Office  of  Indian  Af- 
fairs; United  States  Bec- 
lamatlon  Service. 

Department  of  Justice,  deliveries  to 
(207.  210,  211,  871,  417. 

489,  490,  492,  493) 22, 

23,  30,  81,  84-37,  65,  66,  77,  80,  85 

Department  of  Labor.  See  Ellis 
Island  Immigration  Sta- 
tion. 

Detroit,  Mich.,  deliveries  at  (478, 
556,  562,  563,  565,  566, 

587-591,  601,  602) 86. 

87,  42-45,  84,  89,  90,  91,  92 

Dewar,     Okla.,     coal     from     (303- 

805) 28,29,72,78 

Diamond    Block    mine,    Kans.,    coaV 

from   (218) 22,28,66 

Diamond  mine,  N.  Mex.,  coal  from 

(288-285) 26,27,71 

Diamond  mine.  Pa.,  coal  from  (468, 

469) 36,  37,  83 

Dietz,      Wyo.,      coal      from      (729, 

730) 50,51,101 

District  of  Columbia,  coal  for  (230, 
232,  237,  239,  441,  446, 
448,   450,  451,  558,   629, 

630,  075,  680) 24, 

25,  34,  35.  42-45,  48,  49.  67. 
68.    81,   82,   89,    94,    97,    98 

Dixiana     mine,     Ala.,     coal     from 

(63) 10,11,56 

Docena,  Ala.,  coal  from  (53) 10, 11.  55 

Dodson.  Md..  coal  from  (255) 24.25,69 

Donk,  P.  J.,  acknowle<lgment  to 5 

Douglas   mine,    W.    Va.,    coal    from 

(655) 46,47.96 

Dover,    N.    J.,    deliveries    at    (634, 

636) 44,45,95 

Drakesboro,       Kans.,       coal       from 

(218) 22,23.66 

Dravosburg.  Pa.,  coal  from  (311).  28,29.73 
Dubree,    W.    Va.,    coal    from    (557- 

560) 42,  43,  89,  90 

Dulce,N.  Mex.,  delivery  at  (286).  26,27,71 
Dun     Loop,     W.     Va.,     coal     from 

(561) 42,43,90 

Dunlap,  Tenn.,  coal  from  (493)—  86,  37,  85 
Dunlo,  Pa.,  coal  from  (325-329).  80,  31,  74 
Dunsmuir- Wellington  mine,  B.  C,  coal 

from  (25-27,  29) 8,9,53,54 

D  u  q  u  o  i  n  ,    111.,   coal   from    (146- 

.    154) 18,19,61,62 
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Page. 
Dnrham  mine,  Ga.,  coal  from  (121, 

122) 16.17.60 

B. 

Bagle.  W.  Ya.,  coal  from  (564).-  42.48.90 
Eagle  Pass..  Tex.,  coal  from  (494)  -  88.  89. 85 
Bast  St.  Louis.  111.,  coal  from  (159, 

160) 18, 19,  62 

Ebensbarg    No.    1    mine.    Pa.,    coal 

from  (820-824) 80,81,74 

Eckbart,     Md.,     coal     from     (224- 

226) 22,28,67 

Eclipse  mine,  Ohio,  coal  from  (293- 

295) 26,  27. 72 

Bdgewater,    Ala.,    coal    from     (54, 

55,  70) 10-13,  65,  56 

Edna  mine.  Pa.,  coal  from  (471).  36,  37, 83 

Egg  coal,  average  quality  of 7 

El  Vlsto,  AU.,  coal  from  (73) 12.18,57 

Eldorado,  111.,  coal  from  (161-163).        18, 

10,  62, 63 
Eldorado  mine,  Ala.,  coal  from  (74, 

75.  80) 12. 13.  57 

Eleanora,  Pa.,  coal  from  (407)-.  82.38,79 
Electric  mine,  111.,  coal  from   (174- 

178) 18, 19.  63 

Elk  Lick,  Pa.,  coal  from  (42^-428 )-        34, 

85,80 
Elk  Ridge,  W.  Va.,  coal  from  (562- 

564) 42, 

43.90 
Elkhom,  W.  Va.,  coal  from  (615)..       44, 

45,93 

EUedge,  H.  Q.,  acknowledgment  to 5 

Ellis    Island    Immigration    Station, 

deliyery  to  (429) 84,85,80 

Elmora,  Pa.,  coal  from  (330-834 30, 

31,  74,  75 
Empire    "A"   mine.   Pa.,   coal   from 

(319) 28,29,74 

Empire  mine.  III.,   coal   from    (144, 

145) 16, 17,  61 

Empire  mine.  Pa.,  coal  from  (402)—        82, 

88.79 
Empire    mine,    W.    Ya.,    coal    from 

(619) 44,45,94 

Engel,  A.,  acknowledgment  to 5 

Englevale,    Kans.,    coal    from    (200, 

201) 20,  21,  65 

Ensley,  Ala.,  coal  from  (56,  71) 10-13, 

55,56 
Extension   mine,    B.   C,    coal    from 

(28) 8,9,54 


P. 


Fairchlld  J.  O.,  acknowledgment  to.  5 

Fairmount    mine,    Pa.,    coal    from 

(313,    314) 28,29,73 

Fallen     Timber,     Pa.,     coal     from 

(385) 30,31,75 

Femie,  B.  C,  coal  from  (21) 8,9,53 

Firestone,  Colo.,  coal  from  (120)—       14, 

15,60 
Florence  mine.  Pa.,  coal  from  (404, 

405) 82,83,79 


Floreata    mine,    Oolc,    coal    from 

(95) 14,16,58 

Fort    Adams,    R.    I.,    deliveries    at 

(621.    622) 44,46,94 

Fort    Andrews.    Mass..    deliyery    at 

(628) 44.45,94 

Fort  Baker,  Cal..  deliveries  at    (4, 

11,  88) 8-11,  62.  58,  54 

Fort  Banks,  Mass.,  delivery  at 

(569) 42,48,90 

Fort  Barrancas,  Fla.,  deliveries  at 

(44,  46,   48,  64-66,   71- 

73) 10-18.55,66,57 

Fort  Barry,  Cal.,  deliveries  at   (18, 

26,  82) 8,  9,  58,  54 

Fort  Bayard,  N.  Mex.,  deliveries  at 

(274,     275,     277.     287- 

291) 26.27,70,71 

Fort  Benjamin   Harrison,   Ind., 

deUveries   at    (162,   168,^ 

191) 18-21,62,64 

Fort  Bliss,  Tex.,  deliveries  at  (280- 

282) , 26,27,71 

Fort  Casey,  Wash.,  deliveries  at  (41, 

520, 521)  —  10, 11.  40,  41.  54.  87 
Fort  Constitution,  N.  H.,  deliveries 

at  (248,  252) 24,25,68.69 

Fort    Oockett,    Tex.,    deliveries    at 

(670.  592) 42.43,90,92 

Fort  Oook,  Nebr.,  deliveries  at  (141, 

186,  189,  194,  256) 16, 

17,  20,  21,  24,  25,  61,  64.  65,  69 
Fort  D.  A.  Russoll,  Wye,  deliveries 

at  (102,  111,  733,  734)—        14. 
15,  50,  51,  59, 101 
Fort  Dade,  Fla.,  deliveries  at  (007, 

609,  613) 44,  45.  93 

Fort  Davis,  Alaska,  deliveries  at  (2, 

29,  40) 8-11,  52,  64 

Fort  Dee  Moines,  Iowa,  deliveries  at 

(64,  180,  183) 20,21,64 

Fort   Douglas,    Utah,    deliveries    at 

(496-498,  600) 38,  39.  85 

Fort    Da    Pont,    Del.,   deliveries   at 

(375,  468) 30, 

81,  34,  35. 77,  82 
Fort   Flagler,   Wash.,   deliveries   at 

(42,  544)..  10, 11,  40,  41.  54,  89 
Fort    Qeorge    Wright,     Wash..     de- 
Uveries at   (21,  22,  267, 

527) 8. 

9,  24.  25,  40, 41.  53.  70,  87 
Fort    Greble,    R.    I.,    deliveries    at 

(409,  623) 34. 

36.  44,  45,  79.  94 
Fort  H.  G.  Wright.  N.  Y..  deliveries 

at  (457.  461.  462) 84, 

35.  82.  83 
Fort    Hancock.    N.    J.,    delivery    at 

(432) 34,85.81 

Fort    Howard.    Md.,    deliveries    at 

(224.  659-661) 22. 

28, 46.  47,  67. 96 
Fort  Hnachuca.  Ariz.,  deliveries  at 

(278,  276,  279) 26. 

27,  70,  71 


IKDEX. 


Ill 


Page. 
Fort    Keogh,    Mont.,    deliveries    at 

(474,  479,  480,  719) 86. 

37,  50,  51,  84, 100 
Fort   Lawton,  Wash.,   dellYerles  at 

(587,  550) 40,  41,  87,  88,  89 

Fort  Leavenworth,  Kans.,  deliveries 
at    (148,    208-206,    208, 

209) 18, 19,  22,  23,  61,  65, 66 

Fort  Lincoln,  N.  Dak.,\  deliveries  at 

(476,  477) 86,37,84 

Fort   Liscnm,   Alaska,   deliveries   at 

(584,  536,  542,  543,  551)  -        40, 

41,  88,  89 
Fort  Logan,  Colo.,  deliveries  at  (101, 

108,  112,  118) 14,15,59 

Fort  Logan   H.   Roots,   Ark.,   deliv- 
eries at   (89-93) 12.13,68 

Fort   McDowell,    Cal.,   deliveries  at 

(5,84,35,39,515) 8-11, 

40,  41,  52, 54, 87 
Fort    Mcintosh,    Tex.,    delivery    at 

(495) 38,39,85 

Fort    McKinley,    Me.,    delivery    at 

(615) 44,45,98 

Fort  Mcpherson,   Ga.,  deliveries  at 

(218,  222,  223).-  22,23,66,67 
Fort  McRee,  Fla.,  deliveries  at  (Qj6, 

78) 10-18,56,57 

Fort  Mackenzie,  Wyo.,  deliveries  at 

(728,  724,  781)  _  50,  51, 100, 101 
Fort  Mason,  GaL,  deliveries  at  (10, 

16) 8,9,52,53 

Fort  Meade,  S.  Dak.,  deliveries  at 

(100,104,720,726.728)-        14, 
15,  50,  51,  58,  59, 100, 101 
Fort  Miley,  Gal.,  deliveries  at  (7,  15, 

25) 8,9,52,53 

Fort  Missoula,  Mont.,  deliveries  at 

(258,  260,  264,  265) 24, 

25,  69,  70 
Fort  Monroe,  Ya.,  deliveries  at  (667, 

669,  681,  691,  692,  695, 

701) 46-49, 97,  98,  99 

Fort  Morgan,  Ala.,  deliveries  at  (47, 

49,  50,  81) 10-13,55,57 

Fort  Myer,  Ya.,  delivery  at  (865) .  80,  81, 76 
Fort  Oglethorpe,   Ga.,  deliveries  at 

(121,  122,  491) 16, 

17,  36,  87,  60,  85 
Fort     Omaha,     Nebr.,     delivery     at 

(186) 20,21,64 

Fort  Pickens,  Fla.,  deliveries  at  (45, 

46,  48,  65,  66,  7l ) .   10-13,  55, 56 
Fort  Reno,  Okla.,  deliveries  at  (301- 

806) 28,29,72,73 

Fort  Riley,  iCans.,  deliveries  at  (181, 

182,195-198) 20,21,64,05 

Fort  Robinson,  Nebr.,  deliveries  at 

(106,  721,  722,  726) 14, 

15,  50,  51,  59, 100, 101 
Fort   Rosecrans,   Cal.,   deliveries  at 

(1,283) 8,9,26,27,52,71 

Fort    Ruger,    Hawaii,    delivery    at 

(20) 8,9,53 

Fort  St.  Michael,  Alaska,  delivery  at 

(28) 8,9,54 

52773<^— 16 8 


Page. 
Fort  Sam  Honston,  Tex.,  deliveries 

at  (87,  88,  94,  494) 12r- 

15,  38,  39,  58,  85 
Fort  San  Jacinto,  Tex.,  delivery  at 

(570) 42,48,90 

Fort  Screven,  Ga.,  deliveries  at  (614, 

632) 44,  45, 98, 94 

Fort    Sheridan,    111.,    deliveries    at 

(146,  166,  188) 18- 

21,  61,  68,  64 

Fort  SiU,  Okla.,  deUveries  at  (807- 

309) 28,29,78 

Fort   Snelling,   Minn.,  deliveries  at 

(147,  187,  475) 18- 

21,  36,  87,  61, 64, 84 
Fort    Stevens,    Oreg.,    deliveries    at 
(526,  529,  580,  582,  589- 

541,  546,  552,  553) 40, 

41,  87, 88, 89 

Fort    Strong,    Mass.,    deliveries    at 

(249,251) 24,25,68.69 

Fort    Totten,    N.     Y.,    delivery    at 

(455) 84,35,82 

Fort  Travis,  Tex.,  delivery  at  (570)-       42, 

43,90 
Fort  Ward,  Wash.,  deUvery  at  (80)  _  8. 9, 54 
Fort    Warren,    Mass.,    deliveries    at 

(250,  626).  24,  25,  44,  45,  68, 94 
Fort  William  H.  Seward,  Alaska,  de- 
liveries at  (518,  588) 40, 

41,  87,  88 
Fort  William  Henry  Harrison,  Mont, 

deliveries  at  (259,  263).        24, 

25, 69,  70 
Fort    Williams,    Me.,    deliveries    at 

(666,  670,  672) 46,47,97 

Fort  Winfield  Scott,  Cal.,  deliveries 

at  (13.  86) 8-11,53,54 

Fort   Worden,   Wash.,   deliveries   at 

(31,  48,  517) 8-11, 

40, 41,  54. 55,  87- 
Fort    Yellowstone,    Wyo.,    deliveries 

at  (261,  262,  271,  718) .24-27, 
50, 51,  69, 70, 100 
Frankford  Arsenal,  Pa.,  deliveries  to 

(327-829.  840,  348,  848, 

868,  392,  396) 30-8ff, 

74, 75, 76, 78 
Freedmen's    Hospital,    deliveries    to 

(416, 437, 446,  452,  655)  .        34. 
35,  46,  47,  79,  80.  81, 82,  96 

Freeman,  W.,  acknowledgment  to 5 

Frostbnrg,    Md.,    coal    from    (227- 

241) 22-26,67,68 


G. 


Gale  Oeek  mine,  Wksh.,  coal  from 

(562-565) 40, 41, 89 

Gallatin,  Pa.,  coal  from  (470)..  86,87,83 
Galveston,  Tex.,  deliveries  at   (507, 

654) 38,  39,  46,  47.  86,  96 

Garnsey,  Ala.,  coal  from   (49) 10,11,56 

Garrete,  Pa.,  coal  from  (429) ...  34,  36, 80 
Gebo,  Wyo.,  coal  from  (713) 60, 61, 100 
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General   Land    OfBce,   deliveries   to 
(357,     485,     486,     442, 

447) 30,  81,  34,  86.  76,  81,  82 

Georgetown,  S.  C,  deliveries  at  (606, 

561,  571,  674) 38, 

89,  42,  48,  48, 49,  86, 90, 97 
Giles,    W.    Va.,    coal    from    (601- 

602) 44, 45, 92 

Gilmore  mine,  Ala.,  coal  from  (82).       12, 

13,67 
Gilmore     mine,     Ind.,     coal     from 

(191) 20,21,64 

Glen  Jean,  W.  Va.,  coal  from  (672)-       42, 

•  43, 90 

Glen  White,  W.  Va.,  coal  from  (638- 

644) 46,47,95 

<Gon2alez,  W.  A.,  acknowledgment  to_  5 

■Ooodman,  H.  A.,  acknowledgment  to-  6 

C^ovemment  Hospital  for  the  Insane, 
deUv'eries  to  (226,  244, 
258,  264,  898,  464,  685, 

058) . 22-25, 

82-36,  44-47,  67,  68, 
69.    78,    83,    96,    96 
Government  Printing  Office,  deliver- 
ies to  (579,  678) 42, 

43.  48, 49.  91,  98 
Graceton,  Pa.,  coal  ftom  (408)-  32,38,79 
Grand    Junction,    Colo.,    coal    from 

(114) 14. 15. 59 

deUvery  at  (114) 14,16,69 

Grand  Bapids,  Mich.,  deliveries  at 

(811,  696,  597) 28, 

29. 42.  43, 78,  92 
Great  Lakes,  111.,  deliveries  at  (150- 

164) 18,19,62 

Green  C^anon  mine,  Colo.,  coal  from 

(106) 14. 15. 59 

GreenvlUe,  Miss.,  deUvery  at  (220)-       22. 

23,66 

Greenwich    mine,    Pa.,    coal    from 

(868) 80,81,76 

Gulf  mine,  W.  Va.,  coal  from  (644)  -       46, 

47,95 

Gulfport,  Miss.,  deUvery  at  (62) -10, 11,56 


H. 


Uackett,  Ark.,  coal  from  (94)—  14,15,68 
Harewood.  W.  Va.,  coal  from  (665, 

666) 42, 43. 90 

Harrisburg,    III.,    coal    from    (164- 

170) 18,19,63 

Hastings,  Pa.,  coal  from  (336)—  30,81,75 
Hawk   Run,    Pa.,   coal   from    (381- 

891) 32. 33.  77. 78 

Haxel  Kirk.  Pa.,  coal  from  (465)-  36,  37,  83 
Hebburn  mine,  N.  S.  W..  coal  from 

(2) 8,9.62 

Helena,   Mont,   deliveries   at    (267, 

266,  268,  270) 24-27,69,70 

Hemphill,  W.  Va.,  coal  from  (616)-       44, 

46, 93 

Henryetta,    Okla.,   coal   from    (806, 

307) 28.29.73 

Hiawatha,  Utah,  coal  from  (498).  38, 89, 86 


PagB. 
Hlrth,  J.  P.,  acknowledgment  to —  6 

Hocking,    Ohio,    coal    from     (293- 

296) 26,  27, 72 

Hoffman,  Ark.,  coal  from  (88) 12, 13,  58 

Home-Riverside   mines,    Kans.,    coal 

from   (203-207) 22,23.65 

Hood,  O.  P.,  acknowledgment  to 5 

Hooversvllle,   Pa.,   coal  from    (430- 

433) 34, 36, 80 

Horace  mine,  Colo.,  coal  from  (96- 

99) 14. 15. 58 

Horton    mine,    W.    Va.,    coal    from 

(606) 44, 45, 93 

Hot  Springs,  S.  Dak.,  deliveries  at 
(715,  727,  729.  730. 
732) 50,51,100.101 

Howard     University,     delivery     to 

(411) 84,85,79 

Howe.  Okla..  coal  from  (302) 28,29,72 

Huntington,    Ark.,    coal    from    (88, 

94) 12-16.58 

Hutchinson  mhie,  W.  Va.,  coal  from 

(692.693) 42,48,92 


I. 


Ingle,  M.  J.,  acknowledgment  to 5 

International  mine,  Mont.,  coal  from 

(266) 24,26,70 

International  mine,  Tex.,  coal  from 

(494) - 38.39.85 

Irvona.  Pa.,  coal  from  (892,  393)—        32, 

83.78 

Ivory    Hill    mine,    Pa.,    coal    from 

(356) 30,  31 ,76 


J. 


Jackson    Barracks,    La,,    deliveries 

at  (84,  86) 12,18,57 

Jacksonville,      Fla.,      delivery      at 

(568) 42,43,90 

JasonviUe,  Indi,  coal  from  (191) 20. 

21,64 

Jed.  W.  Va.,  coal  from  (617) 44,45,94 

Jefferson    Barracks,    Mo.,    deliveries 

at  (134,  139,140,149)—  16-19. 

61,62 

Jeffersonvllle,     Ind.,     deliveries    at 

(193,  221,  468,  469) 20-23. 

36,  37, 64,  66, 83 

Jenner,  Pa.,  coal  from  (434-468)—       34, 

86,  81,  82 

Jerome,  Pa.,  coal  from  (454) 34, 

85,  80,  82 

John    Bull    mine,    Ind.,    coal    from 

(193) 20, 21, 64 

Johnston  City.  111.,  coal  from  (183- 

189)— w 20,21.64 

Johnstown,    Pa.,    coal    from    (337- 

889) 30,  81, 75 
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Kayford,  W.  V&.,  coal  from   (698- 

eOO) 42,48,92 

Kearney,    E.    M.,    acknowledgment 

to 6 

Kendall   Qreen,    D.   C,   delivery   at 

(229) 22,28,67 

Kenilwortb,  Utah,  coal  from  (499)..        88, 

89,86 
Keyser,  W.  Ya.,  coal  from  (686).  44,46,96 
King    Mountain    mine,    Tenn.,    coal 

from  (491) 36,37,86 

Knickerbocker  mine.  Pa.,  coal  from 

(480-482) 84,36,80 

Koeliler,  N.  Mez.,  coal  from   (280- 

282) 26,27,71 

Kooi,  Wyo.,  coal  from  (781) 60,61,101 

L. 

Ladysmlth,  B.   C,  coal   from    (26- 

29) 8,9,68,64 

LAing,    W.    Va.,    coal    from    (601- 

604) 44,45,92,98 

Lake   Denmark,   N.   J.,   delivery   at 

(489) , 34,86,81 

Lamberts   Point,   Va.,   deliveries  at 

(601,  695,  706-712) 88, 

89, 48, 49,  86,  99, 100 
Lancashire  No.  14  mine.  Pa.,  coal 

from  (815,  816) 28,29,78 

Landgraf,  W.  Va.,  coal  from  (619) 44, 

46,94 
Landstreet    mine,    Pa.,    coal    froAi 

(488) 84,86,80 

Lattas  Creek  mine,  Ind.,  coal  from 

(19) 20,21,64 

Layland,  W.  Ya.,  coal   from    (567- 

570)  — 42,  48, 90 

Leavenworth,      Kans.,     coal      from 

(203-207) 22,23,65 

deUveries  at  (207,  210,  211)...  20-28, 

64,  65,  66 
Leokie,    W.    Va.,    coal    from     (618, 

620) 44,46,94 

Ledfbrd,  111.,  coal  from  (171,  172)u-        18, 

19,63 
Leewood,  W.  Va.,  coal   from    (698- 

600) 42,48,92 

Logan  No.  7  mine.  Pa.,   coal  from 

826-329) 30,81,74 

Lonaconing,   Md.,   coal   from    (242- 

246) 24,25,68 

Long    Branch,    W.    Va.,    coal    from 

(571) 42,48,90 

Longstreth,   Ohio,   coal   from    (297- 

299) 28,  29, 72 

Loaisville,  Ky.,  deliveries  at   (216- 

217,  810,  399) 22, 

23,  28,  29,  82,  88,  66,  78,  79 


M. 


HcComas,  W.  Va.,  coal  from  (631).-       44, 

45,94 

McDonald,  W.  Va.,  coal  from  (572).       42, 

43,90 


Page. 
Macdonaldton,  Pa.,  coal  from  (455- 

468) 84,85,82,83 

Madrid,   N.  Mez.,   coal   from    (287- 

291) 26,27,71 

Majestic  mine.  111.,  coal  from  (146- 

160) 18,19,61,62 

Majestic    mine,     Ohio,     coal    from 

(296) 28,29,72 

Marlon,  111.,  coal  from  (190) 20,21,64 

Marvel,  Ala.,  coal  from  (60-61).  10,11,56 
Mazey     mine,     Mont.,     coal     from 

(271) 26,27,70 

Maybenry,  W.  Va.,  coal  from  (621- 

628) 44,46,94 

Memphis,  Tenn.,  deliveries  at  (212- 

214) 22,28,66 

Merchants    mine.    Pa.,    coal    from 

(428) 34,35,80 

Mertens     mine,     Md.,     coal     from 

(268) 24,25,69 

Mescalero,     N.    Mez.,     delivery    at 

(272) 26,27,70 

Michel,  B.  C,  coal  from  (21,  22)..  8,9,53 
Midland,  Ark.,  coal  from  (89-98) .  12, 13,  58 
Midland,  Ind.,  coal  from  (191).  20,21,64 
Midland    Valley    mine.    Ark.,    coal 

from   (89-98) 12,13,68 

Milburn,   W.   Va.,    coal   from    (564, 

573) 42,43,90 

Miller    mine,    W.    Va.,    coal    from 

(594) 42,  43, 92 

Miller  Shaft  mine.   Pa.,   coal  from 

(862) 80,  81, 76 

Milwaukee,  Wis.,  deliveries  at  (466, 

471,  481,  484,  486,  487, 

488) 86,  37,  83,  84,  85 

Minden,   W.   Va.,   coal   from    (567- 

570,  674) 42,43,90,91 

Mineral,    Kans.,    coal    from     (196- 

198) 20,  21,  65 

Mineral  Springs,  Ala.,  coal  from  (57- 

59) 10, 11,  55,  56 

Minneapolis,     Minn.,     deliveries    at 

(144,      812,     465,      482, 

485) 16, 

17,  28,  29, 86,  37,  61,  78,  83,  84 

Mission  Field  mine.  III.,  coal  from 

(179) 18,19.64 

Mobile,   Ala.,   deliveries  at    (51,60, 

63,   70) 10-13,55,66 

Mohrland,  Utah,  coal  from  (600)—        38, 

89,85 

Moisture  content  of  coal,  factors  de- 
termining    5 

Monarch,  Wyo.,  coal  from  (732).  60,  61, 101 
Monero,  N.  Mez.,  coal  from  (286) 26, 

27,71 
Monongehela,  Pa.,  coal  from  (470).        86, 

97,88 
Montgomery,  Ala.,  delivery  at  (55).        10, 

11.55 
Morrellville    mine.    Pa.,    coal    from 

(889) 80,81,75 

Moss  Creek  mine.  Kans.,  coal  from 

(214) 22,28,66 
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Mount  Clare,  W.  Ya.,  coal  flrom  (692, 

598) 42, 43, 92 

Mount  Olive,  lU.,  coal  from  (134).        16, 

17,61 
Mount  Pleasant,  Mich.,  deliveries  at 

(255,  594)-  24,  25,  42,  43, 69, 92 
Mountain    Ash,    Kans.,    coal    from 

(223) 22,28,67 

Mulberry,  Kans.,  coal  from   (202)..       20, 

21,65 
N. 

Nanaimo,  B.  C,  coal  from  (80-89).  8-11, 

54 

Nant7-01o,Pa.,coal  from  (340-^857).        80, 

81, 75, 76 

National  Home,  Wis.,  deliveries  at 
(298-295,  898,  467,  488, 

572.  617,  699) 26, 

27,  32,  83,  86,  87,  42-^5,  48, 
49,  72,  79,  88,  84.  90,  94,  99 

National  Home  for  Disabled  Volun- 
teer Soldiers,  deliveries 
to  (179, 298-295, 883, 867, 
868,  898,  467,  488,  503- 
505,  508,  510,  564,  572, 
578,  593,  595,  598-600. 
603,  605,  606,  617,  637. 
641.  643,  662,  671,  673. 
699,  715,  727,  729,  780, 

782) 18. 

19,  26,  27,  80-33,  36-39,  42-51, 
64,  72,  74,  77,  79,  83,  84,  86,  90, 
92,  93,  94, 95,  96,  97,  99, 100, 101 

National  Military  Home,  Ind.,  de- 
liveries at  (593,  595, 
605,  606,  687) .  42-45,  92. 98, 95 

National  Military  Home.  Ohio,  de- 
liveries    at     (564,     578. 

598-600,  603,  604) 42-45, 

90, 92, 98 

National  Soldiers*  Home,  Me.,  de- 
liveries at  (383,  367, 
368) 30,31,74,77 

National  Soldiers'  Home,  Tenn.,  de- 
liveries at  (503-505, 
508.  510) 88,  89,  86 

National  Soldiers*  Home.  Ta.,  deliver- 
ies   at    (641,    643,    662, 
671,   678) 46,47,95,96,97 

National  Training  School  for  Boys, 
D.  C,  deliveries  to  (423. 
425,  458) 84,  85,  80,  82 

National  Zoological  Park,  deliveries 

at  (484,  444) 34,85,81 

Naval  engineering  experiment  sta- 
tion, Md.,  deliveries  to 
(243,  403) 24,25.68 

Naval  hospital,  D.  C,  deliveries  to 

( 228.  281,  238,  247,  651 )  -       22- 
25, 46,  47,  67,  68,  96 

Naval  hospital,  Norfolk,  Va.,  deliv- 
eries to    (616,   618,  620, 

631,  694,  698) 44, 

45,  48,  49,  93.  94.  99 

Naval  training  school,  B.  I.,  delivery 

to  (408) 84,  35,  79 


Pice. 
Navy  Department,  deliveries  to  (56. 

76.  79.  107-110. 150-154. 

285^  823,   824.  826.  836. 

42^   439.    512-^14.    554. 

555.    638,   644-647,    682. 

693,  697,  702). _-  10-15.18,19, 
24,  25,  80,  81, 84,  35, 38-41, 
44-49,  65,  57,  59,62,67,74. 
75,  80,  81,  86,  87.  89,95,99 
Bei0  aUo  Naval  engineering  ex- 
periment station ;  Naval 

hospital ;  Naval  training 

school ;     United     States 

Naval  Academy. 
Nelson     mine,     Mont.,     coal     from 

(268) 26,27.70 

New    Bedford,    Mass.,    delivery    at 

(696) 48, 49, 99 

New  Bethlehem.  Pa.,  coal  from  (818, 

314) 28,29.73 

New  Creek  mine,  W.  Ya..  coal  from 

(636) 44.45,96 

New  National  Museum,  D.  C.  deliv- 
eries to  (576.  677) 42. 

43. 48,  49. 91. 97 
New  Orleans.  La.,  deliveries  at  (59, 

67-69.  74,  75,  77,  78,  80. 

83,  470) 1(^ 

18,  86,  87,  56. 57. 83 
New  South  Wales,  coal  from  (1-20).         8, 

9,  62, 53 
New   Wellington   mine,   B.   C,    coal 

from   (32-34) 8,9,54 

New  York,  N.  T.,  deliveries  at  (317, 

818.   820-822,    824,   887, 

374,  878-880,  883,  886- 

891,  400,  402,  410,  426, 

427,  429,  430,  438,  657).        28. 
29,  80-85,  46,  47,  74. 
76,  77.  78.  79. 80.  81. 96 
Newcastle.  N.  S.  W.,  coal  from  (1- 

20) 8, 9,  52. 63 

Newcastle   mine.   Wash.,    coal   from 

(517-522) 40.41.87 

Newport.  R.   I.,  deliveries  at   (408. 

574) 84,  85, 42,  48.  79. 91 

Newport    News,    Ya.,    deliveries    at 

(688.  686,  687) 48.49.98 

Ninevah  mine,  Pa.,  coal  from  (472).        86, 

87,83 
Nonpareil  mine.  Pa.,  coal  from  (876, 

876) 80.81.77 

Norfolk,  Ya.,  deliveries  at  (512.  514, 

611.  612.  616.  618.  620. 

624.  631.  644.  684,  685. 

688,   689.    693-^95.   697. 

698.  703.  104)...  38,  39, 44r-49, 
86,  87, 98. 94.  95.  98. 99 
North   mine.   111.,   coal   from    (129- 

183)^ 16,17,60,61 

Norton,  J.,  acknowledgment  to 6 


O. 


Oak  Creek.  Colo.,   coal  from   (115- 

119) 14. 16.  59,  60 
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Oakland   mine,   W.   Va.,    coal   from 

(587-591) 42,43,91,92 

Oakley  mine,  W.  Va.,  coal  from  (601, 

602) 44,45,92 

Obler,  D.  M.,  acknowledgment  to 5 

Occoqnan,    Va.,   deliveries   at    (239, 

629,  630) 24,  25,  44,  45,  68,  94 

Ocean,  Md.,  coal  from  (247-252)-.-        24, 

25,  68,  69 

Ocean  No.   6  mine,   Pa.,   coal  from 

(312) 28,29,73 

O'Failon  mine.  111.,  coal  from  (159, 

160) 18, 19,  62 

OfBce  of  Indian  Affairs,  deliveries  to 

(114,  143,  255,  269,  272, 

286,  418,  594,  716-718)-  14-17, 

24-27,  84,  85,  42,  43,  50,  51, 

59.  61,  69,  70,  71,  80.  92, 100 

0*Gara  mines.  III.,  coal  from  (170)-        18. 

19,63 

Omaha,   Nebr..   deliveries  at    (129- 

132, 199-202) 16, 

17,  20,  21,  60.  65 
Oregon    mine,    W.    Ta.,    coal    from 

(601-604) 44,45,98 

Orenda  mine.  Pa.,  coal  from   (410- 

425) 34,35,79,80 

Osborne  mine.  Pa.,  coal  from   (481- 

488) 86,  37,  84 

Osterhont.  K.  J.,  acknowledgment  to-  5 

(^1   Creek   mine,   Wyo.,    coal   from 

(713) 50,51.100 


P. 


Palos,  Ala.,  coal  from  (60-62)..  10,11,56 
Pana,  111.,  coal  from  (124,  125).  16,17,60 
Panama  Railroad  Co.,  deliveries  to  * 

(320-322,  874.  400,  410, 

501.  657.  683-689,  703- 

712) 30-35,  38,  39,  46-49, 

74,  77,  79,  86.  96,  98,  99 
Paradise  mine.  111.,  coal  from   (151, 

152) 18,19,62 

Pardee  mine,   Pa.,   coal  from    (358, 

359) 30.31,76 

Pascagonla,      Miss.,      delivery      at 

(63) 10, 11,  56 

Patrlck-Mackay    mine.    Wash.,    coal 

from   (527-531)—  40,41,87,88 
Patton,  Pa.,  coal  from  (358,  359)  -  30,  31,  76 

Pea  coal,  average  quality  of 7 

Peerless     mine.      111.,      coal      from 

(173) 18,19,63 

Pelaw  Main  mine,  N.  S.  W.,  coal  from 

(3-13) 8,9,52.53 

Pemberton  mine,  W.  Va.,  coal  from 

(644) 46,47,95 

Pen  Mar  mines.  Pa.,  coal  from  (455- 

463) 34,35,82,83 

Pensacola,  Pla.,  deliveries  at  (53,  54, 

.  56,  76,  79) 10-13,55,67 

Peters,  J.  W.,  acknowledgment  to —  6 


Page. 
Philadelphia,  Pa.,  deliveries  at  (235, 
315,    316,    323,   326-332, 
^  334,  335,  338.  340,  343- 

345.  348,  349,  350,  353, 
370,  381,  382,  392.  394, 
396,  407,  428,   472,  633, 

656) 24, 

25,  28-37,  44-47,  67,  73,  74, 
75.  76^  77.  78.  79,  80, 83,  95,  96 

Picatinny  Arsenal,  N.  J.,  deliveries 

to   (634,  636) 44,  45;  95 

Pike  mine.  Pa.,  coal  from   (399) 32. 

33,79 
Pine  Hill  mine.  Pa.,  coal  from  (426, 

427) 34.35,80 

Pinevllle,  Kans.,  coal  from  (214) 22. 

28.66 

Piney    mine,    W.    Va«,    coal    from 

(647-652) 46,  47,  S5, 96 

Pinnacle  mine,  Colo.,  coal  from  (115, 

116) 14,15,59 

Pinnacle   mine,   W.   Va.,   coal   from 

(631) 44,45,94 

Plnson,  Ala.,  coal  from  (63) 10.11.56 

Pittsburg,     Oa.,     coal     from     (121, 

'    122) 16,17,60 

Plaqaemlne,      La.,      delivery      near 

(85) 12,13,57 

Pocahontas,  111.,  coal  from   (128) 16, 

17,60 

Pocahontas,    Va.,   coal    from    (512- 

514) 88.  99,86,87 

Pocahontas  smokeless  mine.  W.  Va., 

coal   from    (624-628) 44, 

45,94 
Poplar.  Mont.,  delivery  at   (269)..        26. 

27,70 
Port  Eads.  La.,  delivery  at   (85)..        12, 

13.57 

Port    Liberty,    N.    J.,    delivery    at 

(388) 32.33,78 

Portage.     Pa.,     coal     from      (360- 

362 30,  31,  76 

Portland,  Oreg.,  delivery  at  (525)..       40, 

41,87 

Prairie  mine.  111.,  coal  from   (155- 

158)-.! 18.19,62 

Pratt    Oty,    Ala.,    coal    from    (64- 

71) 10-13,56 

Pratt   mine,    Ala.,   coal   from    (64- 

70) 10-13,55,56,57 

Presidio  of  Monterey,  Cal.,  deliv- 
eries at   (6,  9,  499) 8, 

9f  38,  39.  52,  85 

Presidio  of  San  Francisco,  Cal.,  de- 
liveries to  (10.  14. 
27) 8,9,52,53,54 

Prlmero,    Colo.,    coal    from     (107- 

110) , 14, 15,  59 

Primrose    mine.    Colo.,    coal    from 

(111-113) 14,15,59 

Prudence,  W.  Va.,  coal  from   (575- 

580) 42, 43, 90, 91 
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Q.  Pace. 

Quartermaster  Corps,  deliveries  to 
(1-50.  04-66,  71^73.  81, 
84.  86-94,  100-105,  111- 
118.  121,  122,  128-181. 
133,  134,  139-142,  146- 
140,  162,  168,  166.  180- 
191,  103-198,  203-206, 
208,  209,  213,  218,  221- 
224,  227,  248-252,  256. 
258-265,  267,  271.  273- 
285,  287-291,  297-299, 
301-309.  365.  375,  876, 
385,  387-389,  409,  ^32, 
455,  457.  458.  461.  462. 
468,  469.  474-477,  479. 
480,  491,  404-500,  507, 
51&~523,  527-^34,  536- 
544,  546-552,  569,  570, 
007-609,  613-015,  621- 
623,  625-628,  632,  654. 
659-661,  666,  667,  669, 
670,  672.  681,  691.  692, 
695,  701,  713,  714,  719- 
726.  728,  731,  733.  734)..  8- 
51,  52-72,  76-79,  81- 
90,     93,     94,     96-101 

Queen  mine.  111.,  coal  from  (153).  18. 19,  62 

Queen    Shoals,    W.    Va..    coal    from 

(605) 44.45,93 

Quemahoning  Creek  mine.  Pa.,  coal 

from   (464) 84,85,83 

B. 

Bamey,      Pa.,      coal      from      (894, 

895) 82,88,78 

Rapid    City,    S.    Dak.,    delivery    at 

(716) 50,51,100 

Ratz,  O.,  acknowledgment  to 5 

Red  Star,  W.  Va.,  coal  from   (581- 

686) 42,43,91 

Rich    Hill    mines.    Pa.,    coal    from 

(336) 30,31,76 

Richardson,  Kans.,  coal  from     (208- 

211) 22,28,65,66 

Riefkin,  J.  B.,  acknowledgment  to 5 

Riofkin,  P.  M.,  acknowledgment  to 6 

Rim,  Kans..  coal  from  (215) 22,23,66 

Rlsher  mine.  Pa.,  coal  from  (311).  28,29,78 
Riverside    mine,    Mich.,    coal    from 

(255) 24,25,69 

Robertsdale,    Pa.,    coal    from    (400, 

401) 82,88,79 

Rock  Castle,  Ala.,  coal  from  (83).  12, 18,  57 
Rock  Island  Arsenal,  III.,  deliveries 

to    (145,    161,    170-178, 

431) 16- 

19,  84.  35,  61,  62,  63,  81 
Rock     Springs,     Wyo.,     coal     from 

(738,734) 50,51.101 

Roslyn.    Wash.,     coal     from     (523- 

535) 40,  41,  87,  88 

Roslyn-C!ascade    mine.    Wash.,    coal 

from  (532.  633) 40.41,88 


Page. 
Rothwell  mine,  W.   Ya.,   coal  from 

(557-660) 42, 43, 89, 90 

Royal  mine,  Colo.,  coal  from   (100, 

101) 14, 15, 68,  69 

Rugby     Colo.,     coal     from      (111- 

113) 14.16.60 

Russell     mine,     Colo.,     coal     from 

(120) 14,15,60 


S. 


Saginaw,  Mich.,  coal  from  (266)-  24,26,69 
St.    Charles,    Kans.,    coal    from 

(217) 22,  23,  66 

St.   (Hair  mine.  W.   Ya..   coal   from 

(564) 42.48,90 

St.   Louis,   Mo.,  deliveries  at    (135- 

138,         142,         155-160, 

190) 16-21,60,61,62.64 

St.  Paul,  Minn.,  deliveries  at   (128. 

.  188,  478) 16, 

17, 36,  87,  60, 61.  84 

Sampling  of  coal,  difficulties  in 5 

San    Francisco,    Cal.,    deliveries    at 

(12.  28,  88) 8,9,53.54 

See  also  Presidio  of  San  Francisco. 
San  Jose,  Tex.,  coal  from  (495)-  38,39,85 
Sand  Coulee,  Mont.,  coai  from  (268- 

270) 26,  27,  70 

Sazman,  Pa.,  coal  from  (363) 80.31,76 

Scarbro.  W.  Ya.,  coal  from  (661).  42,  43,  90 
Schoenberger   mine.   Pa.,   coal   from 

(465) 36,87,83 

Schofleld  Barracks,  Hawaii,  delivery 

at  (19) 8,9,  53 

Scranton  Big  Muddy  mine.  111.,  coal 

from   (188) 20,21,64 

Seattle,  Wash.,  deliveries  at  (24,  533, 

547,  649)  -  8,  9. 40. 41.  53,  88,  89 
Security     mine,     111.,      coal     from 

(164) 18. 19,  02 

Seward.  Pa.,  coal  from  (472) 36,37,  83 

Shamokin  mine,  W.  Ya.,  coal  from 

(621-623) 44,  45,  93 

Sharon,  W.  Ya.,  coal  ttom  (606) .  44, 45,  93 

Shaw,  M.  W.,  acknowledgement  to 5 

Shawmut     mine.     Pa.,     coal     from 

(397) - 32,38,79 

Sheridan    mine,    Wyo.,     coal    from 

(729) 60, 61,  lOl 

Sipsey,  Ala.,  coal  ftom  (86) 12, 13,  57 

Slemp,  Ya.,  coal  from  (603-611).  38,  39,  86 

Smith,  D.  C,  acknowledgment  to 5 

Smith  Mills,  Pa.,  coal  from  (396).  32,  33,  78 
Smithdale,  Pa.,  coal  from  (312).  28,29,73 
Smithers,  W.  Ya.,  coal  from   (587- 

591) 42.43,91,92 

Smithsonian    Institution.     Bee    Na- 
tional   Zoological    Park, 

New  National  Museum. 
Smoky  Hollow  mine,  Iowa,  coal  from 

(194) 20,21,65 

Snyder,  N.  H.,  acknowledgment  to 6 

South   Fork,    Pa.,    coal    from    (364, 

365) 30,31.76 
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Sonth  Wellington,  B.  C.»  coal  from 

(40--13) 10,11.54,65 

Spedflcatlons,  purchase  of  coal  un- 
der, factors  in ^       3,  4 

Spokane,        Wash.,        deliyery       at 

(524) __! 40, 41,  87 

Sprague,   W.    Va.,   coal   from    (645, 

646) 46,47,95 

Spring    mine,    W.    Va.,    coal    from 

(632) 44,45,94 

Springfield,  III.,  coal  from  (173).-  18, 19,  63 
Springfield  Armory,  Mass.,  deliveries 

to  (339,  362,  366) 30, 

31,  75,  76,  77^ 
Springfield    No.    1    mine.    Pa.,    coal 

from   (857) 30,31,76 

Sprlngtqn,      W.      Va.,      coal      from 

(632) 44,45,94 

Stalter  No.  1  mine,  Ohio,  coal  from 

(297-299) 28,  29,  72 

Stanaford,  W.  Va.,  coal  from  (647- 

652) 46,  47,  95,  96 

Stanford-Richmond  mine,  N.  S.  W., 

coal  from  (14-20) 8,9,53 

Star  mine,  W.  Va.,  coal  from  (581- 

586) 42,48,91 

State,    War,    and    Navy  •  Building, 

Washington,  D.  C,  deliv- 
eries to    (559,   583,   586. 

649)...  42,43,46,47,90,91,95 
Staunton,     111.,     coal     from     (135- 

140) 16. 17,  61 

Sterling  mine.  Pa.,  coal  from  (330- 

334) 30,31,74,76 

Stotesbory  mine,  W.  Va.,  coal  from 

(644) 46,47,95 

Stove  coal,  average  quality  of 7 

Straight    Creek,    Kans.,    coal    from 

(216) 22,23,66 

Sturgis.     Kans..     coal     from     (219, 

220) 22,23,66 

Sublet,  Wyo.,  coal  from  (714)..  50.51,100 
Sun.     W.     Va..     coal     from     (557- 

560) 42,43,89,90 

Sunnyside    mine.    Pa.,    coal     from 

(470) 86,87,83 


T. 


Tacoma,  Wash.,  deliveries  at    (648, 

654.555) 40,41,89 

Tampa.  FUu,  delivery  at  (610)—  44,45.93 
Thatcher,  A.  S.,  acknowledgment  to.  5 

Thomas.   W.   Va..   coal   from    (667- 

661) 46,47,96 

Toledo,  Iowa,  deUvery  at  (143).  16,17,61 
Toledo,  Ohio,  deliveries  at  (296,  300. 

464) 28,29,34,35,72.82 

Tompkinsyllle,   N.   T..   deliveries   at 
(225,  319,  359,  469,  460, 

468) 22,  23, 

28-31,  34,  35,  67,  74,  76,  82,  83 
Toms  Oeek,  Va,,  coal  from    (503- 

511) 38.89,86 

Townley,  Ala.,  coal  from  (86) 12, 13,  57 


Page. 

Treasury  Department,  deliveries  to 
(62,  57-59,  67-69,  77,  78. 
83,  9:^-99,  106.  115-120, 
123-127,  132,  136-138, 
164,  165,  167-169,  192, 
199-202,  212,  214r-217. 
267,  266,  268,  270,  296. 
300,  310,  312-318,  838, 
841,  342,  344,  345,  347, 
349-356,  858.  360.  361, 
370,  372,  373,  377-384, 
386,  390,  391,  394.  397, 
899,  404-406,  426„  427, 
464.  465.  466.  471-478. 
481,  482,  484-488,  524, 
556,  662,  563,  565-567. 
577,  578,  580,  582,  584, 
687-691,  597,  601,  602, 
638.    648,    650,    663-065. 

668,  676,  679) 10- 

87.  40-49,  5&-61,   63- 
66,  69.  70,  72-80,  82- 
85.    87,    89-92,    95-98 
See  also  Bureau  of  Engraving 
and  Printing. 

Tuscaloosa.       Ala.,       delivery       at 

(82) 12,18,67 

Twin   Rocks,   Pa.,   coal  from    (366- 

376) 80,81.77 

U. 

Unger.  C.  H.,  acknowledgment  to 6 

United  States  engineer  office,  deliv- 
eries to  (55,  60-63.  7(y, 
82,  86.  219.  220.  830- 
832.  334.  337,  430,  433, 
470.  502,  506,  511.  526. 
635,  545,  561,  668,  571, 
596,  610.  611,  619,  674, 

690) 1(^ 

13,  22,  23,  28-31,  84-45, 
48,  49,  55,  56,  57,  66,  73. 
74,  76,  81,  83,  86.  87.  88, 
89,  90,  92,  93,  94.  97.  98 
United  States  Naval  Academy,  de- 
liveries to  (236,  245,  825, 

846,  364,  403,  440) 24, 

26,  30-35,  68,  74,  75,  76,  79,  81 
United     States    Navy,  ^delivery    to 

(241) 24,25,68 

United   States  Reclamation   Service. 

delivery  to  (292) 26,27,72 

United  States  Reclamation  Service 
mine,  N.  Dak.,  coal  from 

(292) 26,27,72 

United  States  Soldiers'  Home,  D.  C, 
'   deliveries    to    (412,   416, 
420,      422,      438.      443. 
449) 34.35,79,80,81,82 

V. 

Vale    Summit,    Md.,    coal    from 

(268) 24,26,69 
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Valley  No.  1  mine,  Fft.,  coal  from 

(888) 80,31,76 

Vancoayer  Barracks,  Wash.,  deliv- 
eries at  (528,  628, 
531) 40,41,87.88 

Vancouver  Island,  B.  C,  coal  from 

(28-48) 8-11,58-56 

Vicksburg.  MUs.,  deliveries  at  (210, 

220) 22,23,66 

Vinton  mine,  Pa.,  coal  from   (877- 

880) 82.33,77 

Vintondale,    Pa.,    coal    from    (877- 

380) 82,88,77 

Viola  mine.  Pa.,  coal  from  (896).  82,  88,  78 


W. 


Wallace,  B.  L.,  acknowledgment  to —  6 

War  Department,  deliveries  to  (145, 
161,  170-178,  839,  840, 
848,  348,  868,  866,  392, 
395,  396,  413,  414,  419, 
421,  424,  431,  446,  451, 
560,  634,  636,  639,  640, 

642) 16- 

19.  30-35.  42-47.  61, 
62,  68,  75,  76,  77,  78, 
80,     81,    82,    90,    95 
See  also  Quartermaster  Corps ; 
United    States    Engineer 
Office ;  United  States  Sol- 
diers' Home. 
Warrior,     Ala.,      coal     from      (72, 

73) 12,18,56,67 

Washington,  D.  C,  deliveries  at 
(226.  228,  230-232,  284, 
237,  238,  240,  244,  247, 
253,  254,  357,  369.  371- 
373,  393,  401,  414-il7, 
419-425.  484-438.  441- 
463,  5C7-560,  575-586, 
635,  G45.  646,  648-651, 
655,    658,    663-665,    668, 

675-680,  682) 22- 

25,  80-35,  42-49,  67.  68, 
69,  76,  77,  78,  79,  80,  81, 
82,  89,  91,  95.  96.  97,  98 


Page. 
Washington  No.   2  mine,  Md.,  coal 

from    (224-226) 22.23,67 

Washoe,  Mont.»  coal  from  (267)-  24,  25,  70 
Watertown  Arsenal,  Mass.,  deliveries 

to    (395,   413,   639,   640, 

642) 82,  35,  46,  47,  78,  80,  95 

Watson,  Ala.,  coal  from  (74,  75).  12, 13.  67 

Watts,  B.  D.,  acknowledgment  to 6 

Weather  Bureau,  deliveries  to  (238, 

652) 24.  25,  46,  47,  67,  96 

Weaver,  W.  Va.,  coal  from  (654)  _  46,  47,  96 

Webster,  Pa.,  coal  from  (473) 36,  37,  84 

Weir.  Kans.,  coal  from  (199) 20,21,65 

Welch,  W.  Va.,  coal  from  (624)-  44,45,94 
Wellington   mine,  B.  C,   coal   from 

(85-39) 8-11,54 

West   Brownsville,    Pa.,    coal    from 

(468, 469) 36,  37,  8a 

Wevaco,   W.   Va.,    coal   from    (598- 

600) 42.43,92 

Whipple  Barracks,   Ariz.,   deliveries 

at  (284,  285) 26,27.71 

White.  J.  C,  acknowledgment  to —  5 

Whitney  mine.  Pa.,  coal  from  (394).        32. 

33,78 

Wilder,  Va.,  coal  from  (502) 38,39.  86 

Wilkeson,   Wash:,   coal   from    (562- 

655) 40,41,89 

Williston,  N.  Dak.,  coal  from  (292).        26. 

27.72 

delivery  at    (292) 26,27.72 

Wilsonburg,     W.     Va.,     coal     from 

(594) 42. 48,  92 

Witteville,  Okla.,  coal  from  (94).  14, 15,  58 
Woodvale  mine.  Pa.,  coal  from  (400, 

401) 32,33,79 

Wyano,  Pa.,  coal  from   (481) 36,37,84 

Wylam,  Ala.,  coal  from  (76-80).  12,13.57 

T. 

Tampa  Valley  mine,  Colo.,  coal  from 

(117-119) 14, 16,  69.  60 

Z. 

Zimmerman,  Pa.,  coal  from  (464) —        84. 

85,88 
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EXTRACTION  OF  GASOLINE  FROM  NATURAL  GAS  BY 

ABSORPTION  METHODS. 


By  Geoboe  a.  Bubrell,  P.  M.  Biddison,  and  O.  6.  Obebfell. 


INTEODXJOXiaV. 

The  Bureau  of  Mines  is  conducting  a  series  of  investigations^  with 
a  view  to  ascertaining  the  most  efficient  methods  of  obtaining  gaso- 
line from  petroleum  and  natural  gas.  This  report  deals  with  a 
method  of  extracting  gasoline  from  natural  gas  by  absorbing  the 
gasoline  in  oil  and  subsequently  separating  it  from  the  oil  by  dis- 
tillation. The  process  is  quite  different  from  those  of  compression 
and  condensation  which  have  been  used  for  a  number  of  years  for 
extracting  gasoline  from  casing-head  natural  gas,  and  has  not 
heretofore  been  described  in  the  literature. 

xAmfFAcnmB  of  oasoliiib  tkox  casino-bsab  gas. 

The  extraction  of  gasoline  from  casing-head  natural  gas  by  com- 
pression and  condensation  methods  has  become  a  lai^e  and  lucrative 
industry  in  this  country.  In  the  year  1915  about  65,000,000^ 
gallons  of  gasoline  prepared  by  these  methods  was  placed  on.  the 
market.  In  addition,  in  marketing  this  gasoline,  at  many  plants 
an  equivalent  quantity  of  naphtha  was  blended  with  the  gasoline, 
thereby  utilizing  for  automobile  fuel  and  other  purposes  a  large 
quantity  of  naphtha  that  otherwise  would  have  been  unsuited  for 
these  purposes.  The  increase  for  the  year  1915  over  1914  was  about 
22,000,000  gallons.  For  the  year  1916  the  production  should  be  more 
than  100,000,000  gallons.  The  quantity  of  casing-head  gas  treated 
in  the  year  1915  by  compression  and  condensation  methods  amounted 
to  about  24,000,000,000  cubic  feet;  the  average  yield  of  gasoline  was 
2.57  gallons  per  1,000  cubic  feet.^  This  casing-head  gas  represents 
natural  gas  that  formerly  went  largely  to  waste;  hence  the  process 
represented  a  distinct  and  important  step  in  the  utilization  of  the 
natural  gas  produced  in  this  country. 

•  Northrop,  J.  D.,  Natural  sm:  Tnm  BuUetin  390^  U.  8.  Qeol.  Surrey,  Oetober,  1916,  ii.  1. 
»  Mortbiop,  J.  D.,  loo.  oit. 
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A  description  of  the  methods  employed  in  the  manufacture  of 
casing-head  gasoline  and  a  discussion  of  tests  to  detennine  whether 
a  natural  gas  contains  enough  gasoline  to  warrant  the  installation 
of  an  extracting  plant  is  contained  in  Bulletin  88'  and  Technical 
Paper  87.> 

SUITABILITT  OF  '«I»7'*  VA'^JJBJOt  QAB  FOB  XAKINa  GASOLIinS. 

By  the  compression  and  condensation  method,  only  casing-head 
gas,  or  ''wet''  natural  gas,  that  contains  more  than  one  gallon 
of  giasoline  per  1,000  cubic  feet  could  be  profitably  treated.  Hence 
there  has  been  exempted  from  use  in  making  gasoline  not  only  a 
large  amount  of  casing-head  gas,  probably  more  than  one-half  the 
available  supply,  but  also  l^e  much  larger  amount  of  ''dry"  natural 
gas  that  is  used  in  cities  and  other  places  for  domestic,  factory,  and 
other  uses.  The  quantity  of  this  kind  of  natural  gas  consumed  in 
the  United  States  in  1914  amounted  to  591,000,000,000  cubic  feet."" 

Much  of  this  "dry"  natural  gas  can  be  treated,  by  absorption 
methods.  The  method  consists  essentially  in  bringing  the  natural 
gas  in  contact  with  an  oil  heavier  than  gasoline  and  letting  the  oil 
absorb  the  gasoline  from  the  gas,  and  then  separating  the  extracted 
gasoline  from  the  oil  by  distillation,  or  in  passing  natural  gas  through 
naphtha,  with  a  specific  gravity  of  about  50^  to  55^,  and  letting  the 
naphtha  absorb  as  much  gasoline  as  desired,  which  increases  the  vol- 
lune  an.d  produces  a  blend  tha,t  is  intermediate  in  specific  gravity 
between  natural-gas  gasoline  and  the  naphtha  used. 

PBODUOTION   OF  NATUKAL  QAS  IN  1913  AJSD  1914. 

The  quantity  and  value  of  natural  gas  produced  in  the  United 
States  during  1913  and  1914,'  according  to  figures  by  the  United 
States  Geological  Survey,  were  as  follows: 

a  BqvbU,  O.  a.,  SodMrt,  F.  11.,  ana  OliirisDi  Q.  G.}  Tb*  09ildaMitl«i  of  smqUd^  (nm  mutual  cob; 
Ball.  88,  Bureau  of  MixieB,  1015, 106  pp. 

»  Bumll»  O.  A.«  and  Jems,  6.  W.,  MoUiods  of  tasting  natanril  fu  for  gaaoUoe  eontant,  Teob.  Paper  87, 
Bureau  of  Hina9, 1010, 96  pp. 

«  Northrop,  7.  D.,  Natural  gas:  Mineral  Heaourcee  of  the  United  Sta^  for  1014,  V,  S.  Geol.  Survey. 
19l5,pt.2,p.t8B. 

*  Northrop,  J.  J)^  Natural  gaa:  iqmcal  Beaouroee  of  Mm  United  Statea  ior  IttS  U.  B.  Qwk*  Sorvcsr, 
VnS,  pt.  2,  p.  78L 
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QiMn^  ondf  vakts  of  TuUurai  ga»  froduoed  in  the  United  StMtee  in  1913  and  1914,  by 

States, 


Btite. 


WcstViiginla... 
r«nDBylTaiiia.., 

OWo 

Oklahoma....... 

Xaneaa^., 

NewYoik 

liOUlsiBItt.  •  •  • . . . 

Alabama 

Texas 

CaUIbmia 

IndHana 

Illinois 

Kentucky 

Adcansas.. 

CoiorBdo 

Wyomtng 

Boath  Dakota... 
Nortli  Dakota... 

MlBKmri.. 

HlfdiJgasi. 

loiwa 

Total 


1913 


Qoaattty 

(1,000  cuUo 

f(Mt). 


} 


118,800,369 

aO.  All  211 

75.017.068 

22.88«,M7 

8.515,267 

26,652,626 

13,150,765 

11,034,597 

3,000,614 

4.767,128 

1,821,696 

1,106,374 

66,492 

30,866 

1,305 

2,460 

120 


583^866^280 


C€nt8 

perl.OQO 

cnbfcwet. 


18.68 
18.25 
30.70 
0.91 
14.27 
28.50 

7.95 

17.05 
17.07 
3&52 
12.04 
27.90 

34.85 


46.87 

32.57 

77.84 

25.00 

100.00 


15.10 


Value. 


834,164,660 
21,605,845 

10,  an,  960 

7,436,380 
8,288,394 

2.425,633 

2,119,948 

2,073,823 

1,883,450 

848,947 

574.015 

509,846 

369,421 

31,166 

6,795 

1,405 

600 

120 


87,816,677 


1914 


Quantity 

(1,000  cubic 

feet). 


138^740,162 

108,494.387 

68,»0,174 

78.167,414 

33,637,607 

8,935,187 

26,n4,695 

18,403,839 

17,828,928 

3^579.675 

3,547,841 

1,431,811 

9oZ,  v9o 

60,781 

18,085 

2,042 

1,200 

200 


501,866,733 


Cento 

per  1,000 

cubic  fset. 


14.87 
18.80 
21.48 
10.30 
14.76 
29.10 

8.32 

1&88 
16.33 
2a  38 
1Z32 
84.63 

3SL33 

44.78 

29.41 

70.61 

23.00 

100.00 


15.90 


Value. 


935,515»B39 

20.401,295 

14,667.790 

8,060.039 

8,»0.Q36 

2,600,353 

2,227,909 

3;  469,770 

2,910,784 

755.407 

437,276 

490,875 

314,108 

27,230 

5.319 

1,443 

800 

300 


94,115.534 


The  table  shows  a  prodnctioa  of  591,866,733,000  cubic  feet  of 
natmul  gas  for  the  jear  1914,  an  increase  of  about  10,000,000,000 
over  the  year  1913. 

''dbt''  natubal  gas  as  a  soubge  of  gasoline. 

All  of  this  gas  would  not  be  suitable  for  making  gasoline  but  most 
of  it  would  be  suitable.  Almost  aU  of  the  natural  gas  produced  in 
the  United  States  contains  members  of  the  paraffin  series  of  hydro- 
carbons higher  than  methane.  The  ordinary  combustion  analyses 
of  natural  gas  show  only  the  two  predominating  parafiSn  hydrocar- 
bons, which  are  usually  methane  and  ethane.^  The  authors  have 
never  tested  natural  gas  that  showed  methane  and  ethane  without 
finding  the  higher  paraffin  hydrocarbons,  such  as  propane,  butane, 
pentane,  and  hexane — ^when  a  test  was  made  for  them.  Most  of  the 
gasoUne  that  is  obtained  by  the  absorption  method  comes  from 
pentane  and  hexane.  The  so-K^alled  ''ethane"  gas — gas  ccmtaining 
ethane  and  the  higher  hydrocarbons:-*Gonstitutes  most  of  the  natm^l 
gas  of  this  country.  Undoubtedly  more  than  500,000,000,000  cubic 
feet  of  such  gas  is  used  per  year.  For  instance,  all  oi  the  natural  gas 
used  in  Pittsburgh,  Buflalo,^  Golumbus,  Cincinnati,  CSereland,  Louis- 
ville, and  hundreds  of  other  towns  contains  ethane.^    The  same  is  irae 

a  Buznll,  G.  A.,  and  Befbort,  7.  IC,  Tbe  sampling  aivl  examination  of  mine  gases  and  natural  jai: 
Bun.  43,  Bareau  of  lOnes,  1913,  p.  77. 

^  BtBrtU,  O.  A.,  ftfid  Obflvfell,  G.  G.,  TIM  o<iii^06ttln  of  tba  natural  gjBS  uMd  ta 
States:  Tech.  Paper  109,  Bureau  of  Mines,  1915,  p.  7. 

97734**— Bull.  120—17 2 
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of  natural  gas  produced  in  Oklahoma,  Kansas,  Califomia,  Texas,  and 
other  States.  Some  natural  gas  that  contains  methane  as  the  only 
parafl^  hydrocarbon  is  found  in  Louisiana,  in  the  Caddo  fields,  at  a 
few  places  in  Oklahoma,  in  the  MurrysyiUe  sand  in  Pennsylvania, 
and  at  a  few  other  places.  This  natural  gas  is  the  only  kmd  that 
does  not  carry  gasoline  vapors.  The  natural  gas  from  a  new  well  in 
which  the  pressure  is  high  maj  not  carry  enough  gasoline  to  warrant 
the  installation  of  an  absorption  plant,  but  most  of  the  natural  gas 
produced  in  this  country  undoubtedly  can  be  so  treated.  If  it  be 
assumed  that  1  pint  of  gasoline  can  be  obtained  per  1,000  cubic  feet 
of  gas,  there  could  be  extracted  500,000,000  pints  of  gasoline  from 
500,000,000,000  cubic  feet  of  gas,  or  about  60,000,000  gallons  of 
gasoline  per  year.  If  one  assumes  that  2  pints  per  1,000  cubic  feet 
can  be  obtained  the  total  becomes  120,000,000  gallons  per  year. 
Probably  100,000,000  gallons  per  year  wo\ild  be  a  conservative  esti- 
mate. The  authors  know  of  one  gas  company  that  has  under  con- 
struction enough  plants  to  make  20,000  gallons  of  gasoline  per  day. 
Some  of  the  ''dry"  natural  gas  that  the  authors  tested  yielded 
3  pints  of  gasoUne  per  1,000  cubic  feet.  At  20  cents  per  gallon  the 
total  value  of  the  gasoUne  saved  would  be  Si  5,000,000  per  year.  At 
25  cents  it  would  be  about  S19,000,000  per  year,  which  is  about  20 
per  cent  of  the  total  value  of  the  natural  gas  used  in  1914  and  probably 
about  6|  per  cent  of  the  total  quantity  of  gasoline  consumed  in  that 
year. 

OOK8X71CPTIOK  OF  aASOUNB. 

During  the  year  1909  the  quantity  of  gasoline  consumed  in  the 
United  States  amounted  to  about  11,000,000  barrels  of  42  gallons 
each;  in  1914  the  consimiption  had  increased  to  30,000,000  barrek, 
and  it  is  estimated  that  the  consumption  in  1916  will  be  more  than 
50,000,000  barrels,  or  more  than  2,100,000,000  gallons. 

TBAK6PO&TATIOK  OF  KATUKAL  OAB. 

After  a  gas  well  has  been  cased  and  "shut  in"  by  closing  the  gate 
valves  on  the  top  of  the  tubing  the  well  is  under  control,  and  the 
product  is  ready  to  be  piped  to  market.  Sometimes  the  rock  pres- 
sure in  a  new  field  is  very  high,  ranging  from  600  to  1,000  pounds  to 
the  square  inch,  and  it  is  necessary  to  reduce  the  pressure  at  the  weO 
so  the  gas  can  be  safely  turned  into  the  yipe  hne.  This  is  acoom- 
pUshed  by  means  of  reducers  that  automatically  regulate  the  pressure. 
In  fields  that  have  been  drained  to  such  an  extent  that  the  rock 
pressure  is  very  low  the  pressure  in  the  hues  has  to  be  increased. 
By  increasing  the  pressure,  say,  to  300  pounds  the  carrying  capacity 
of  a  gas  line  is  21  times  greater  than  at  atmospheric  preesuse.  There- 
fore, it  is  necessary  to  build  compressing  stations,  because  without 
them  the  size  and  number  of  mains  that  would  be  required  to  trans- 
port the  gas  from  the  wells  to  market  would  be  so  large  as  to  make 
investment  impracticable. 
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A3  the  gas  leaves  the  compreaBing  station  it  is  very  hot  from  being 
eompiessedy  so  that  the  trunk  lines  for  a  short  d^tance  from  the 
station  are  either  laid  in  the  bed  of  a  convenient  stream  or  run 
through  a  reservoir  in  order  to  cool  the  gas,  which  is  necessary  because 
high  temperature  reduces  the  line  capacity  and  has  a  detrimental 
effect  on  coupling  rubbers. 

The  next  stopping  point  for  the  gas  is  the  measuring  and  regulating 
station  at  the  edge  of  the  town,  where  the  pressure  is  reduced  to, 
say,  50  pounds ;  it  then  passes  through  a  medium  pressure  regulator 
where  it  is  reduced  to  15  to  20  poimds;  and  a  low  pressure  regulator 
where  it  is  reduced  to  4  to  6  ounces. 

EFFBCr  OF  OASOLDni  VAPCttS  ON   FEPl&^IJKE  OOOPIXKOS. 

After  the  gas  leaves  the  compressing  station,  its  capacity  for  holding 
gasoline  vapors  is  less  because  it  is  compressed,  and  considerable 
gasoline  is  deposited  at  the  cooling  station  and  at  various  places  along 
the  pipe  line.  The  condensation  of  gasoline  in  the  trunk  lines  is  a 
constant  source  of  annoyance  and  expense,  because  of  the  action  of 
gasoline  on  the  rubber  rings  in  the  patent  pipe  couplings,  which  are 
now  universally  used  on  all  large  pipe  tines  in  place  of  the  old  style 
socket-and-thread  ''collars."  The  gasoline  softens  and  decomposes 
the  rubber  imtfl  it  weakens  and  gives  way,  causing  a ''  blow-out  f  that 
18,  the  pipe  line  will  part  and  let  gas  escape. 

Repairing  "blow-outs"  is  a  large  item  of  expense,  apart  from  the 
large  quantities  of  gas  lost.  The  expense  and  annoyance  from  the 
breaking  of  a  gas  line  and  escape  of  gas  are  shown  by  the  veeent  experi- 
ence of  a  large  pipe-line  company.  A  report  was  received  at  the  main 
office  that  the  pressure  on  a  certain  line  was  falling  at  the  rate  of  30 
pounds  per  square  inch  per  hour,  although  the  compressing  station 
reported  that  the  pressure  was  normal  there.  Men  were  immediately 
dispatched  to  patrol  the  line,  and  discover  the  leak,  which  was  found 
about  midnight.  Twenty-six  men  worked  the  rest  of  the  night  and 
the  next  day  in  order  to  repair  the  line.  During  this  time  the  pres- 
sure had  to  be  raised  70  pounds  at  the  compressing  station,  and  the 
factory  service  on  the  line  had  to  be  discontinued. 

One  company  informed  the  authors  that  the  cost  of  rubber  for 
couplings  used  in  an  IS-inch  pipe  line  35  miles  long,  which  has  trans- 
ported 100,000,000,000  cubic  feet  in  10  years,  was  $16,000.  This 
did  not  include  the  cost  of  placing  the  couplings  or  other  expense. 

Thus  it  seems  that  a  method  for  removing  the  gasoline  from  nattiral 
gas  would  prolong  the  life  of  the  couplings,  in  addition  to  the  fact  that 
a  valuable  fuel  is  recovered. 

DBVBIiOFKBHT  OF  THB  AB80&FTION  FBOOBSS. 

As  in  the  case  of  condensation  and  compression  methods,  the 
absorption  proems  has  assmned  industrial  importance  as  the  demand 
for  gasoline  has  increased.    The  process  closely  resembles  the  process 
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of  extracting  benzol,  toluol,  and  other  products  from  gas  made  by 
the  destructive  distillation  of  coal.  In  tbe  absorption  process  the  gas 
is  caused  to  flow  at  about  atmospheric  pressure  coimtercurrent  to  a 
stream  of  wash  oil,  which  is  a  petroleum  distillate  of  about  35^  Beaum6 
gravity  or  a  coal-tar  distillate  such  as  creosote  oil,  through  absorbing 
towers  50  to  75  feet  high  and  about  10  to  15  feet  in  diameter.  After 
the  benzol  and  toluol  have  been  scrubbed  from  the  gas,  the  charged 
oil  is  sent  to  steam  stills  where  the  benzol  and  toluol  are  extracted. 
The  process  is  continuous  in  that  the  absorbent  oil  is  used  over  and 
over  again.  The  scrubbing  process  has  been  used  for  many  years  in 
Germany  and  to  a  very  large  extent  in  the  United  States  in  connection 
with  gas-mamilacturing  plants  and  by-products  coke  plants.  Many 
types  of  absorbers  and  steam  stills,  and  different  conditions  of  tem- 
perature and  pressure  were  employed  before  a  standard  procedure 
was  evolved.  The  differe^ce  between  the  process  of  extracting 
gasoline  from  natural  gas  at  high  pressures  and  that  of  extracting 
benzol  and  toluol  from  coke-oven  gases  is  that  the  absorption  of 
gasoline  is  conducted  at  these  high  pressures,  as  it  is  necessary  not 
to  disturb  the  pressure  in  the  pipe-line  system. 

There  mi^t  also  be  mentioned  a  process  in  vogue  for  a  number  of 
years  past,  and  practiced  at  some  refineries,  of  subjecting  uncon- 
densed  gas  and  petroleum  vapors  from  stills  to  absorption  in  naphtha, 
thereby  increasing  the  gasoline  yield  considerably. 

Von  Groeling's  patent  ^  covers  a  process  for  '  ^  Improvements  in  or 
rriiating  to  the  utilization  of  natural  gases  or  petroleum  distillation 
gases.''    The  claims  follow: 


(1)  A  process  for  the  utilization  of  natural  gaaes  or  of  petroleum  dustillation 
consisting  in  treating  the  gases  at  an  adjustably  increased  pressure  and  adjustably 
reduced  temperature,  by  qiiantitiea  determined  beforehand,  of  an  abeorptiaD  medium, 
for  initance  ol  heavy  benzine,  the  unabeorbed  gaees  being  then  condensed  by  the 
•use  of  hig^  pressure  and  low  temperature. 

(2)  An  apparatus  for  use  in  carrying  out  the  process  set  forth  in  claim  1,  in  which 
the  gas  is  treated,  in  a  series  of  absorption  apparatus  arranged  one  behind  another,  at 
an  adjustably  varying  increased  pressure  and  adjustably  var>dng  reduced  tempera- 
ture, with  the  absorption  medium,  so  that  said  absorption  medium  can  circulate  through 
the  various  absorbenr,  and  the  heat  absorbed  during  the  expansion  of  the  compi>eflBed 
gases  is  withdrawn  directly  from  the  absorption  medium  for  the  purpose  of  cooiing 
the  latter.. 

(3)  A  prooesB  of  the  kind  set  forth  in  claim  1,  in  which  the  gases  utilized  are  first 
-washed  at  an  ardinary  temperature  and  normal  pressure  with  ''heavy  benzine.'.' 

(4)  A  process  of  the  kind  set  forth  in  claim  1,  in  which  the  natural  gases  escaping 
from  a  bore  hole,  or  petroleum  distillation  gases  are  first  heavily  compressed,  then 
cooled  and  finally  washed,  in  the  state  of  exceedingly  fine  division,  with  cooled 
liquid  benzine  or  the  like,  for  the  purpose  of  separating  portions  of  the  gas  that  can 
be  condensed,  both  the  cooling  of  the  benzine  required  for  the  washing  and  the 
-oooling  of  Ihe^gas  utilized  after  tlie -compression  b^g  effected  with  the  expanding 

:-  .:■';,■■  -  ■         .     > 

a  Vgn  Orodln^,  Albrodit,  English  YtMat  90329,  Issoed  Dee.  94,  VM. 
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gases  eecaping  from  the  absorptioiL  column,  the  gas  being  finally  cqiulenBed  by  th^ 
use  of  high  pressure  and  low  temperature. 

(5)  An  apparatus  for  use  in  carrying  out  the  process  set  forth  in  claims  1,  or  4,  com- 
prising a  column  several  meters  high  filled  with  benzine  or  the  like,  into  the  bottom 
portion  of  which  the  compressed  cooled  natural  gaaee  enter  in  a  state  «f  exceedingly 
fine  divisioin,  the  upper  portion  of  the  column  being  provided  with  an  expansion 
valve  through  which  the  washed  expanded  gases  pass  downwards  throu^  an  expan- 
sion coil  or  the  like,  through  the  washing  liquid,  for  the  purpuee  of  cooling  the  same, 
and  then  proceed  to  the  cooling. 

(6)  A  process  of  the  kind  set  forth  in  claim  I  for  utilising  natural  gases  or  petroleum 
distUlatioii  gases  by  fractional  candensatien  or  absoiption,  in  which  the  abBorption 
medium  is  obtained  by  the  preliminary  condensation  of  the  gas  to  be  utHised,  which 
IB  submitted  to  the  gases  still  noncondensed,  the  cooling  required  for  the  condensa- 
tion or  absorption  being  obtained  by  the  expansion  of  compressed  gases  or  by  evapo- 
ration of  already  condensed  procfucts  under  a  relieved  pressure,  the  gas  being  finally' 
condensed  by  the  use  of  high  pressure  and  low  temperature. 

Saybolt's  patent  ^  specifies: 

(1)  That  natural  gas  of  the  kind  supplied  to  cities  be  subjected  at  pressures  not 
less  than  30  pounds  per  square  inch  to  a  naphtha-absorbing  menstruum  and  by  the  aid 
of  the  same  under  high  pressure,  effecting  the  separation  in  industrial  quantity  from 
eaid  gas  of  a  natural  gas  naphtha,  liquid  at  atmospheric  pressure  and  temperature, 
and  applicable  to  the  uses  of  petroleum  naphtha  of  similar  volatility,  substantially 
as  described. 

(2)  The  process  of  obtaining  naphtha  from  combustibla  gas  of  natund  origin  and 
nndeiground  source  of  the  kind  supplied  by  means  of  wells  and  pipe  lines  to  the 
cities  for  consumption  therein,  which  process  consists  in  subjecting  such  gas  in  the 
requisite  laige  amount  on  the  way  from  its  underground  sources  to  its  places  of  con- 
sumption and  under  a  high  pressure,  not  less  than  30  pounds  per  square  inch  above 
atmospheric  pressure,  to  a  naphtha-absorbing  menstruum,  especially  petroleum  or 
bydrocarbcm  oil  as  specified,  and  by  the  aid  of  the  same  under  said  high  pressure 
effecting  the  separation  in  industrial  quantity  from  said  gas,  of  a  natus^  gas  naphtha 
liquid  at  atmospheric  pressure  and  temperature  and  applicable  to  the  uses  of  petro- 
leum naphtha  of  similar  volatility,  and  then  recovering  Ihe  naphtha  in  liquid  form 
from  said  menstruum  by  distillation  under  a  low  pressure,  not  more  than  about  atmoe- 
pheric  pressure,  substantially  as  desctibed. 

(3)  The  process  of  obtaining  naphUia  from  combustible  gas  of  patuxal  origin  and 
undeiground  source  of  the  kind  supplied  by  means  of  wells  and  pipe  lines,  to  cities 
for  consumption  therein,  which  process  consists  in  subjecting  sucl^  gas  in  the  requisite 
large  amount  on  the  way  from  its  underground  sources  to  its  places  of  consmnptioii 
and  under  a  high  pressure,  not  less  than  about  30  pounds  per  square  inch  above  atmos- 
pheric pressure,  to  a  naphtha  absorbing  menstruum  by  causing  the  gas  to  bubble 
up  through  pools  of  the  menstruum,  and  by  the  aid  of  the  aame  un^er  said  high  pi^ 
sure  effecting  the  separation  in  indpstiial  quantity  from  said  gas  of  a  natural  gas 
naphtha  liquid  at  atmospheric  temperature  and  applicable  to  the  uses  of  petroleum 
naphtha  of  similar  volatility,  substantially  as  described. 

Hastings  and  Brink's  patent  ^  covers  an  apparatus  for  removing 
gasoline  from  gas  under  compression,  consisting  of  a  reservoir  con- 
structed to  contain  a  cooling  fluid,  a  number  of  headers  arranged  in 
the  reservoir,  cooling  pipes  connecting  the  headers,  expansion  cham- 

•  Smybolt  O.  M.,  U.  8.  Pstmt  No.  1)89927,  issued  Apr.  18, 19U. 

h  UaBtins^  D.,  and  Brink,  A.  W.,  U.  8.  Patent  887,fi00»  applied  Ut  Dee.  10, 1906,  kmmA  Oot- 1. 1907. 
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bers  placed  in  the  pipes  and  of  greater  diameter  than  the  pipes, 
means  for  discharging  the  liquid  condensed  in  these  chambers,  and 
water^praying  tubes,  arranged  centrally  around  the  pipes,  provided 
with  perforations  for  directing  jets  of  water  transversely  across  the 
pipes  in  the  path  of  the  stream  of  gas.  The  inventors  also  claim  tiie 
use  of  oil  instead  of  water  as  the  separating  medium. 

Snee's  patent  ^  specifies  a  means  of  providing  for  the  retention  of 
lighter  or  more  v<^tile  oils  contained  in  the  product  of  oil  wells,  gas 
wells,  and  gas  wells  that  produce  both  oil  and  gas.   The  claims  follow: 

(1)  The  method  herein  described  conBigting  in  dischai^g^g  all  of  the  liquid  and 
gaaeouB  hydrocarbon  products  of  an  oil  well  into  a  liquid  and  gaa  container,  and 
absorbing  the  gaseous  hydrocarbons  which  accumulate  within  the  container  above 
the  surface  of  the  liquid. 

(2)  The  method  herein  described  caosiBting  in  dischai^ging  all  of  the  liquid  and 
gaseous  hydrocarbon  products  of  an  oil  well  into  a  liquid  and  gas  container  beneath 
the  fluid  level  of  the  latter,  and  removing  and  absorbing  the  gaseous  hydrocarbons 
released  from  the  liquid  within  the  container. 

(3)  The  method  herein  described  consisting  in  discharging  all  of  the  oil  from  an 
oil  well  into  an  oil  and  gas  container,  pasedng  the  gaseous  products  of  the  well  into 
the  oil  thus  dischaiged  beneath  the  surface  of  the  latter,  and  removing  and  absorbing 
the  gaseous  products  released  from  the  surface  of  the  oil. 

In  Koppers'  process  ^  for  extracting  naphtha  from  natural  gas  the 
latter  is  passed  under  pressure  througji  a  solvent  oil  in  a  cast-iron 
bell  washer,  which  is  relieved  of  pressure  by  placing  it  within  a 
wrought-iron  casing  through  which  gas  passes. 

To  the  authors'  knowledge  the  first  large-scale  plaat  for  extract- 
ing gasoline  from  natural  gas  byti^^'^^ibsorption  method  was  built  at 
Hastings,  W,  Va,,  after  extensive  expeftBEi^ts  by  G.  M.  Saybolt, 
of  the  operating  company.  The  plant  b^SLop^^^^ioiJLS  in  1913. 
The  process  consists  in  causing  the  natural  gas  to^febble  up  through 
a  petroleum  distillate  of  about  35 "^  B.  gravity  at  hign^»©8s^®>  which 
is  then  sent  to  a  steam  still  to  separate  the  gasoline,  wa^!!?  ^^  ^^®^ 
imd  over  again.  The  gas  is  passed  through  the  absorbingV^^  at  the 
high  pressure  of  the  line.  The  hot  oil  from  the  stiUa  is  coJtf®^  ^  * 
double-pipe  cooler  or  exchanger  by  the  cold  oil  en  route  to  tjb^  ^^'*^ 
and  is  further  cooled  by  passing  through  pipes  on  which  running W*^^ 
falls.  The  general  process,  except  for  the  utilization  of  thtfj^ 
under  high  pressure,  ia  identical  with  the  process  of  absorbing  bcP^^ 
and  toluol  vapors  from  coke-oven  gases,  which  has  been  ^^IvJ 
years  in  Germany  and  to  a  large  extent  during  1915  in  the  Um^^ 

States.* 

- .■■■«■■    ,.. — ,  — — — .^— — — >_-^^___»_— . 

a  Sdm,  John,  U.  8.  Fstent  1166458,  issued  Dm.  28, 1915. 

»  Koppers,  H.,  XT.  8.  Patent  1107808,  issued  Aug.  18, 1914. 

•A  p«t«nt  ffimted  to  WilUun  Younf ,  of  Clippens,  Beni!^^w8hlra,  England,  on  Sept  7, 1875,  daicribw 
(Redwood,  J.  I.,  Mineral  ofls  and  their  by-products,  1914,  p.  803)  a  tower  with  an  upper  compartnw 
filled  with  ooke  to  act  as  a  distributing  medium.    Oil,  descending  through  the  coke,  mixes  with  g»  ^^ 
ing  upward,  and  abeorbes  hydrocarbon  vapors.    Then,  saturated  with  absorbed  hydrooarbon  Tspon.  tw 
ofl  pMses  Into  thft  lower  part  of  the  tower  oomprialng  a  stm,  wher«  Uve  or  exhaust  steam  distltt>  <»^ 
absorbed  vapors.    The  patentee  sUtes  that  the  gases  and  heavy  oils  may  be  brought  In  oontactiin^ 
pressure.    This  process,  described  by  Young  42  years  ago  and  covering  all  hydrocarbon  vspcv,  ts  w^ 
with  the  absorption  procesi  for  natural  gas  to-day. 
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When  gas  bubbles  through  or  comes  in  contact  with  a  liquid,  it 
takes  up  and  carries  along  vapor  or  minute  particles  of  that  liquid. 
The  proportion  of  vapor  that  the  gas  can  hold  increases  as  the 
temperature  rises,  and  is  quite  independent  of  the  nature  of  the  gas 
as  long  as  no  chemical  action  takes  place.  When  natural  gas  in  the 
earth  comes  in  contact  with  petroleum,  those  fractions  of  the  petro- 
leum having  the  lower  boiling  points  will  be  taken  up  first,  as  their 
vapor  pressures  are  much  higher  than  those  of  the  other  fractions. 
The  vapors  are  carried  with  the  gas  in  the  same  manner  that  water 
vapor  exists  with  air.  The  amount  of  water  vapor  present  in  air 
is  principally  d^endent  *  upon  the  temperature  of  the  air  and  the 
readiness  with  which  the  air  can  obtain  the  water.  If  the  tempera- 
ture of  air  saturated  with  water  vapor  be  lowered,  water  vapor  will 
deposit  from  the  air,  for  air  can  hold  only  a  certain  quantity  of 
water  vapor  at  a  particular  temperature.  Also,  if  a  mixture  of  air 
and  water  vapor  that  is  at  a  temperature  below  the  critical  tempera- 
ture of  water  vapor  is  subjected  to  pressure,  more  water  vapor  can 
be  condensed  from  the  mixture  by  increasing  the  pressure.  Also,  if  air 
containing  water  vapor  be  passed  through  a  liquid  that  absorbs 
water  vapor,  it  will  be  removed  from  the  air. 

These  statements  hold  true  for  natural  gas  that  contains  gasoline 
vapor.  The  gasoline  can  be  removed  by  compression  and  condensa- 
tion, as  in  the  manufacture  of  casing-head  gasoline,  or  by  passing 
the  natural  gas  through  an  oil  that  absorbs  gasoline,  as  in  the  absorp- 
tion method*. 

COMFABISON  OF  ^'WBT*'  ANB  "dBY"  NATUBAL  GAS. 

Natural  gas  is  essentially  a  mixture  of  gases  in  which  the  paraffin 
Buries  cf  hydrocarbons  predominate,  with  much  smaller  proportions 
of  carbon  dioxide  and  nitrogen.  Some  natural  gas  contains  small 
amounts  of  hydrogen  sulphide. 

''Wet"  natural  gas  contains  the  higher  members  of  the  paraffin 
aeries  of  hydrocarbons  in  much  larger  quantity  than  "diy"  natural 
gas,  as  is  shown  by  the  table  following. 

It  will  be  observed  that  there  is  considerable  difference  between 
the  two  analyses.  The  ''wet"  gas,  or  cami^-head  gas,  represents 
natural  gas  that  is  used  for  the  extraction  of  gasoline  by  compression 
methods;  the  ''dry"  gas  is  typical  of  several  hundred  biUion  cubic 
feet  of  natural  gas  that  is  used  each  year  in  the  United  States  for 
domestic  and  industrial  uses  and  from  which  gasoline  can  be  ex- 
tracted by  the  absorption  method. 

Methane,  ethane,  propane,  and  butane  are  gases  at  ordinary  tempera- 
tures. Pentane  and  hexane  are  Uquids  at  ordinary  temperatures,  and 
are  those  vapors  carried  by  the  gases  that  constitute  most  of  the  gaso- 
line extracted  from  natural  gas.     Some  butane  and,  in  casing-head 
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gasoline  plants,  some  propane  are  also  extracted  and  are  chiefly  re- 
sponsible for  the  ^^wildness"  or  high  vapor  pressure  of  some  gasoline 
extracted  from  natural  gas  by  compreasidh  and  condensation  methods. 
Casing-head  gas  represents  gas  that  occurs  in  contact  with  oil  and 
hence  has  an  excellent  chance  to  mingle  with  and  carry  out  of  the 
well  some  of  the  lighter  vapors — ^the  gasoline  of  the  oil.  Further- 
mare,  such  natural  gas  is  usually  under  low  pressure.  In  f  act,  many 
oil  wells  are  operated  under  a  vacuiun,  so  tha)^  most  of  the  gas  has 
been  removed  in  the  past  and  that  being  withdrawn  consists  lai;i;ely 
of  gasoUne  vapors.  The  greater  the  content  of  gasoline  in  the  oil  and 
the  greater  the  partial  vacuum  applied  to  the  well  the  more  gasoline 
vapor;  other  things  being  equal,  will  be  withdrawn  from  the  well. 

Remits  of/raetionaiion  analyses  of  "  wet  '*  and  '*dry  "  natural  gas  A 


Constituent. 

"Dnr" 

gas.b 

"Wet" 
gas. 

M«tb#?y»  , . . , 

PeteetU. 

84.7 

9.4 

3.0 

'1.8 

Percfftt. 
86.8 
82.0 

ni 

8.7 
Traoe. 

Rthane ^ 

Fropene 

BntATi*        

Pentane.  hexans.  etc 

Carbon  dioxide 

Trace. 

Nitrogen 

100.0 

100.0 

The  "  dry"  gas,  on  the  other  hand,  is  under  pressure  ranging  from 
a  few  poimds  to  1 ,000  pounds  per  square  inch,  depending  on  the 
well  from  which  it  flows.  It  represents  gas  that  once  was  in  contact 
with  oil  or  was  formed  by  the  same  processes  that  produced  the  oil. 
In  many  cases  it  represents  an  escape  of  Ughter  hydrocarbons  from 
a  sand  that  contains  both  oil  and  gas.  Hence  the  gas  carries  with 
it  some  of  the  lighter  liquid  hydrocarbons,  or  gasoUne  vapors.  In 
some  sands  where  the  gas  is  under  high  pressure,  however,  the 
gasoline  vapors  may  remain  in  the  gas  sand,  because  of  their  greater 
density  at  that  pressure,  and  only  to  a  slight  extent  issue  with  the 
gas,  until  the  pressure  has  been  relieved  to  a  certain  extent.  Hence 
the  pressure  in  a  ''dry  gas''  well  is  one  of  the  factors  that  determine 
the  gasoline  content  of  the  gas.  It  is  possible,  however^  that  even 
in  the  case  of  ''  dry  '^  natural  gas  that  does  not  carry  enough  gasoline 
to  warrant  its  use  in  an  absorption  process  such  gas  may  r^)]:esent 
a  potential  gasoline  supply  that  can  be  obtained  when  the  pressure 
on  the  well  has  been  reheved. 

a  Burrell,  O.  A.,  Seibert,  F.  M.,  and  Robertson,  I.W.,  The  analysis  of  natural  gas  and  illuminating  gas 
by  fractional  distillation  at  low  temperatures  and  preesures:  Te6h.  Piaper  104,  Boreen  <tf  ICtnes,  1915»  pp. 
16»  19. 

b  Combustion  analysis  showed  79.2  per  cent  methane,  19.6  per  cent  ethane,  trace  of  carbon  dioxide,  and 
1.8  per  cent  nitrogen. 

c  Chiefly  butane.  Includes  pentane  and  hezane. 

*  About  1  per  oent. 
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Methods  in  use  by  the  Bureau  of  Mines 
for  testing  natural  gas  have  been  described 
in  Bulletin  42"  and  Bulletin  88.' 

Forthe  purposes  required  thetestsgiren 
are  satisfactory;  but,  in  orderto  test  nat- 
ural gas  with  a  view  to  using  it  in  the  ab- 
sorption process,  tests  of  a  different  nature 
had  to  be  devised,  because  of  the  small 
gasoUne  content  in  "dry"  natural  gas. 
The  t«Btfi  embrace  a  method  that  is  essen- 
tially a  laborator}'  method  and  another 
test  that  can  he  made  in  the  field  by  per- 
sons who  are  not  chemists, 

labohatory  method. 

The  method  for  use  in  laboratories  may 
be  called  a  freezing  method;  that  is,  the 
gasoliue  is  condensed  out  of  the  natural 
ga?  and  the  yield  measured.  The  princi- 
ple.of  this  method,  which  has  been  de- 
scribed in  Technical  Paper  104,"  is  as 
follows : 

The  apparatus  shown  in  figure  1  ia  ex- 
hausted of  its  air,  and  the  sample  of  nat- 
ural gas  to  bo  tested  is  introduced  at 
atmospheric  pressure.  Next  the  bulb  b 
is  surrounded  with  gasoline  that  has 
been  cooled  to  a  temperature  of  about 
—  115°  C.  by  means  of  liquid  air.  After 
the  gas  has  been  cooled  about  10  min- 
utes, and  with  the  refrigerant  still 
surrounding  the  bulb,  as  much  gas  as 
possible  i»  removed  with  a  vacuum  pump. 
Next  the  refrigerant  is  removed  and  the 
gas  in  the  bulb  allowed  to  rise  to  its 
original  temperature — that  is,  room 
temperature.  The  liquefied  gasoline  will 
vaporize  and  exert  pressure  on  the  mer- 
cury  m  the  manometer,     if  the  aljnos-         j-uoimf  vapor  in  nntum 

"  TJjrreU,  C.  A.,  and  .ScJl>«rt,  F.  M.,  Tbe  sam.-illng  and  eiiajiilaitl.,n  of  mine  t^^sc.s  nnd  n 
BiilL  42,  Riireaii  ol  Kflnw,  1R13,  He  pp. 

I-  nuirell,  0.  A.,  Selbcrt,  F.  M.,  and  Olierffll,  O.  O..  Tbs  DoudeaaiitiBii  ol  gasoline  riom  a 
Bnll.gH,  BuiMUD[Miii(H.l«l5, 106  pp. 

iltitmll.O.  A.,  Setlurt.  7.  U,,Bnd  RobPrt9Dn,T.  W.,  AnklTak  ofiimliinil  ^rv  uid  llhimlriBl 
Eractlonal  dlstltlatlon  Hi  low  trmp-  laliina  and  pivwum:  trih.  Tupir  lU,  fiunnu  of  Mines, 
97734°— Bull.  12^1-17 3 
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pheric  pressure — the  pressure  of  the  original  sample — ^is  740  mm.  of 
mercury  and  the  partial  pressure  of  the  gasoline  Tapot  is  10  mm.  of 

mercury^  then  the  content  of  gasoline  vapor  in  the  sample  is  — -- 

X  100 » 1.4  per  cent.  The  authors  found  that  this  figure  corres- 
ponds, in  pints  of  gasoline  per  1,000  cubic  feet  of  gas,  with  the  amount 
of  gasoline  actually  obtained  in  plant  practice.  This  vapor  liquefied 
and  held  at  — 115^  C.  represents*  practically  all  of  the  gasoline  con- 
stituents, and  also  the  butane. 

AHALY8B8  AMD  TX8T8  OF  NATU&AL  QAS  TJ8ED  IN  BXFBBIlfSKTS. 

At  the  plant  where  the  authors  conducted  their  tests  with  the 
absorption  process  natural  gas  from  two  different  fields  was  avail- 
able. The  results  of  laboratory  tests  that  the  authors  made  of  this 
gas  to  determine  its  composition  and  properties  are  given  in  the 
table  following.  Determinations  were  made  on  gas  that  had  not  been 
treated  by  the  absorption  process,  and  also  on  gas  from  which  the  gaso- 
line had  been  removed  by  passing  it  through  absorbers  containing 
^'mineral  seal  oil."  The  gas  designated  as  ''line  L"  gas  is  from 
wells  in  Ashland  County,  Ohio,  and  the  ''low  field"  gas  is  from  wells 
in  Knox  and  Licking  Counties,  Ohio;  these  terms  are  local  and  are 
used  for  convenience  in  designating  the  two  sources  of  gas  used. 

Rendu  of  te$t$  o/Jre$h  and  treated  naiural  pof . 

COHBU8TION  ANALYSIS. 


Carbon  dioxide  (COt) peroent.. 

]ieUiaiiej:CJB«) do.... 

Ethane  (C|He) do.... 

Nitrogen  (n2 do.... 


Flesh  natoral  gai. 


"Low 
field" 


Traoe. 
7«.3 
1S.4 

6.3 


100.0 


"Line 
L^gai. 


Trace. 

83.9 

n.7 

4.4 


100.0 


Treated  natnna  CM. 


"Low 
Held" 


TTMse. 

7».7 

14.1 

0.2 


loao 


"line 
L" 


88.3 

7.9 
3.8 


100. 0 


PHYSICAL  PROPERTIES. 

Spedflc  gravity. 

0.68 
17.0 

1,155 

0.68 
15.0 

1,111 

0.65 
16.7 

1,111 

0.81 

AWvptibn  in  liuaslan  white  oi  1  ft 

14.0 

Oroas  heating  Talua,  B.  t.  u.  pereubiefoot  at0*C.  and  700  mm. 
pnmiK 

1,087 

QABOLINE  CONTENT  BY  FREEZING  ME': 

rHOD. 

Oa>oltne(lmtane,pentane.hexane.  eto.) .  pints,  ner  1 .000  enbisfMt 

1.8 

0i8 

•  See  Bonell,  O.  A.,  and  Jones,  O.  W.,  Methods  of  testfaig  natural  gas  for  gasoline  content:  Tedi- 
P^>er  87,  pp.  19-14,  Bureau  of  Mines,  1916. 

b  For  method  of  using  see  absorption  by  claroUne,  as  described  by  Burrell.  O.  A.,  and  Jonss,  O.  W., 
MsUiods  of  testing  natural  gas  for  gasolhis  wntent;  Teoli.  Paper  87,  Bureau  of  Mtoasy  1016,  pp.  7-10, 
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COMMENTS  ON  ANAI^TSBft. 

The  difference  in  the  natural  gas  before  and  after  the  gasoline  has 
been  extracted  is  interesting.  The  heating  value  of  the  ''low  field" 
gas  was  lowered  44  B.  t.  u.  or  3.8  per  cent,  the  specific  gravity  dropped 
from  0.68  to  0.65,  and  the  pro- 
portions of  paraffin  hydrocar-  |-iMiipli«^  ||^  HadiFtpe 
bona  calculated  asmethaneand 
ethane  were  altered.  The  heat- 
ing value  of  ''line  L"  gas  was 
lowered  24  B.  t.  u.,  or  2.2  per 
cent,  and  the  specific  gravity 
dropped  from  0.63  to  0.61. 


INFEBEKCE  TO  BE  DRAWN  FROM 
COMBUSTION  DATA. 

The  results  in  an  ordinary 
combustion  analysis  of  natural 
gas  show  only  the  two  pre- 
dominating paraffin  hydro- 
carbonSy  usually  the  methane 
and  ethane.  The  presence  of 
ethane  signifies  the  presence 
of  higher  paraffin  hydrocar- 
bons, including  gasoline  va- 
pors; and  it  is  probable  that 
most  natural  gas  that  contains 
ethane  contains  enough  gaso- 
line to  be  treated  by  the  ab- 
sorption process,  with  the  ex- 
ception, perhaps,  of  natural 
gas  from  new  wells  under  high 
pressure,  and  these  wells  may 
be  potential  sources  of  gasoline 
that  will  be  produced  when  the 
pressure  drops  sufficiently  low. 

TB8T8  WITH  SHALL  POBT- 
ABLE  ABSOBBBB. 
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44iidi  pipo 
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"WwcwM  l^SoMll  abmtMr  far  tefting  nttanl  gat  for 

gaaollne  oontont. 


A  number  of  tests  on  a  small 
scale  were  made  with  the  small 
absorber  shown  in  figure  2.  The  absorber,  which  is  built  on  the  prin- 
ciple of  a  laboratory  gas-washing  bottle  of  the  Friedrick  type,  was 
made  of  iron  pipe  and  thoroughly  welded.  It  is  about  3  feet  high, 
and  the  two  main  barreb  a  and  h  were  made  of  4-inch  pipe.    Hie 
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entering  gas  bubbles  up  through  the  absorbing  oil  at  c  and  passes 
through  the  coU  of  pipe  /  and  into  the  part  d  and  out  at  e.  This 
apparatus  was  designed  as  a  very  efficient  absorber,  to  show  the 
maximum  possible  yield  of  gasoline  from  natural  gas. 

In  passing  natiu'al  gas  with  its  gasoline  vapor  through  an  absorb- 
ent oil,  there  will  occur  a  point  in  the  solution  process  when  a  partic- 
idar  oil  will  not  take  up  any  more  gasoline.  In  tests  by  the  authors 
with  '^mineral  seal  oil"  the  saturation  point  of  this  oil  was  determined 
to  be  28  per  cent.  In  conducting  the  tests  natural  gas  was  passed 
through  the  oil,  using  the  small  absorber  shown  in  the  figure,  until  no 
more  gasoline  was  absorbed  by  the  oil.  By  a  saturation  of  28  per 
cent  is  meant  that  the  gasoline  content  was  28  per  cent  of  the  total 
volume  of  gasoline  and  oil. 

In  practice,  however,  the  percentage  of  the  gasoline  absorbed  in 
the  oil  should  not  be  carried  that  far.  Tests  showed  that  when  the 
absorption  of  gasoline  exceeded  4  per  cent,  some  of  the  gasoline  in 
the  natural  gas  passing  through  the  oil  was  not  extracted  and  passed 
out  with  the  gas.  A^  the  percentage  was  increased  and  more  gaso- 
line was  absc^bed,  an  increasingly  small  amount  appeared  in  the  exit 
gases,  which  was  always  less  than  the  amount  absorbed  tmtil  the 
satiuration  point,  28  per  cent,  was  reached,  when  the  percentage  in 
the  entering  gas  was  equal  to  the  percentage  in  the  gas  given  off, 
that  is,  no  more  gasoline  was  being  absorbed. 

Therefore  in  all  tests  made  both  on  the  small  absorbers  and  on 
the  larger  experimental  plants,  a  close  watch  was  kept  on  the  per- 
centage of  the  gasoline  in  the  absorbent.  This  can  be  regulated  by 
adjusting  the  feed  of  gas  and  the  amount  of  oil  used. 

OILS  USED  IN  TESTS. 

Two  different  oils  were  used  as  the  absorbing  medium  in  these 
tests.  One  of  them  was  the  "mineral  seal  oil"  used  in  the  previous 
tests,  the  other,  known  as  ''straw  oil, "  was  also  a  petroleiun  distillate. 
Their  characteristics  as  determined  by  E.  W.  Dean,  petroleum  chem- 
ist of  the  Bureau  of  Mines,  were  as  follows: 

Charaeteristics  of  oils  used  at  ahtorbmUf, 
''Mineral  Sbal  Oil." 

Flaah  point  (Penaky-Martin  cloeed  apparatus) 135**  C,  275"*  F. 

Burning  point  (Pensky-Martin  open  apparatus) 160^  C,  320°  F. 

Specific  gravity  (Water«l) 0. 850 

Fiiflt  drop  difltiUed  at  225''  C.  {^7^  ¥.);  6.2  per  cent  was  distilled  on  heating  to 

275°  C.  (527°  F.). 

"Straw  Oil." 

Flash  point  (Pensky-Martin  closed  apparatus) 183°  C,  361°  F. 

Burning  point  (Pensky-Martin  open  apparatus) 208°  C,  406°  F. 

Specific  gravity  (Water=l) 0.  851 

First  drop  distiliad  at  250°  C.  (482''  F.);  vapor  began  to  diedll  in  quantity  at  275''  O. 
(527°  F.). 
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BBSULTS  OF  TESTS  OP  NATUBAX«  OAS  WITH  SMALL  ABSOEBER. 

The  results  of  tests  of  "low  field"  and  ''line  L"  natural  gas  with 
''mineral  seal"  oil  and  absorbers  of  the  type  shown  in  figure  2  are 
given  in  Table  1.  Three  of  these  absorbers,  designated  as  Nos.  1,  2, 
and  3  in  Table  1,  were  connected  in  series.  The  natiiral  gas  passed 
through  absorbers  1,  2,  and  3,  in  the  order  mentioned,  then  through 
a  small  domestic  gas  meter  where  the  gas  flow  was  measured.  The 
gas  was  passed  through  the  oil  imder  a  pressure  of  235  pounds  per 
square  inch.  Other  data  given  in  the  table  are:  (1)  Rate  of  flow  of 
gas  per  hour;  (2)  cubic  centimeters  of  oil  used;  (3)  cubic  feet  of  gas 
used;  (4)  temperature  of  oil;  (5)  cubic  centimeters  of  oil  and  gaso- 
line recovered;  (6)  absorption  of  gasoline  in  the  oil,  per  cent;  (7) 
amoimt  of  sample  taken  from  absorber  at  end  of  test  in  order  to 
make  a  distillation  test;  (8)  amount  of  gasoline  obtained  from  oil 
sample  by  distillation;  (9)  amount  of  gasoline  from  oil  sample,  cal- 
culated to  represent  all  the  gasoline  in  the  oil;  (10)  boiling  points  of 
the  extracted  gasoline;  (11)  cubic  centimeters  of  oil  used  in  the  test 
per  1,000  cubic  feet  of  gas;  (12)  pints  of  gasoline  obtained  in  each 
absorber  for  each  1,000  cubic  feet  of  gas  used;  (13)  gravity  of  the 
extracted  gasoline,  degrees  Baum6;  (14)  total  amount  of  gasoline 
obtained  from  the  three  absorbers. 

The  reader  should  note  that  in  this  report  the  terms  "gravity''  and 
"specific  gravity"  are  both  applied  to  degrees  Baum6,  although 
strictly  speaking  neither  application  is  correct.  Oil  men  generally 
use  the  term  "gravity,"  but  the  Baum6  scale  is  a  hydrometric  scale 
and  measures  the  density  of  a  liquid. 
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Testa. 


Jan.  10, 1916. 


Nomber  of  absorber 

Rate  of  flow  of  gas,  cubic  feet  per  hour , 

Oil  used.  c.e 
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Oil  and  sasoUoe  recovered,  c.  c 

Absorption  of  gasoline,  per  cent 

Sample  taken  for  distillation  test,  c  c 

OasoUne  obtained  from  sample  by  distillation,  c  c. . . . 

Total  gasoline  recovered,  c.  c 

Boiling  point  of  nsoline,  *  F 

Bpedflo  gravity  of  gasoline,  *B 

CTeaoUne  from  each  abeorber,  pints  per  1,000  cubic 
feet  of  gas 


Total  gasoline  firom  three  absorbers,  pints  psr  1,000 
cubic  feet  of  gas 


1 

106 
1,750 

100 

68 

1,890 

3.7 

630 


114-300 


1.40 


3 

106 
1,500 
100 
64 
1,640 
.3 
613 
LO 
3 
173-350 


.06 


3 

106 

1,500 

100 

64 

1,616 

0 

608 

0 


Testis. 


Jan.  13, 1916. 


1 

100 

1,760 

300 

68 

1,905 

6.8 


37 
111 
110-380 
86.7 

1.17 


3 

100 

1,500 

300 

68 
1,570 
1.1 
633 
6 
18 
130-37D 


.19 


3 

100 
1,600 


68 

1,550 

.6 

310 

1.5 

7.6 

130-380 


.08 


1.44 


•Oalculated  on  total  quantity  of  oil  and  gaeoUne. 
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€f  natural  ga»  wiik  tmaU  ab$orpiion  plant. 
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S4  EXTRACTION  OF  GASOLINE  FROM   NATURAL  GAS. 

COMMENT  ON  RESULTS   OF  TESTS. 

After  each  test  was  finished,  a  small  sample  (about  500  c.  c.) 
of  the  oil  was  distilled  and  the  yield  of  gasoline  measured.  The 
total  quantity  of  gasoline  in  the  oil  was  calculated  from  the  quantity 
obtained  from  this  small  sample.  The  yuOd  in  pints  of  gasoline 
per  1,000  cubic  feet  of  gas  was  calculatod  troiii  this  data  and  from 
the  amount  of  natural  gas  used  in  the  test  In  general,  when  the 
percentage  of  gasoline  absorbed  in  the  oil  was  higli  in  the  first 
absorber,  it  was  high  in  the  second  one. 

Tests  1  to  7,  with  "low  field'  gas,  show  that  in  the  small  absorbers 
used  a  yield  of  gasoline  varying  from  1.77  pints  to  2.23  pints  per 
1,000  cubic  feet  of  gas  could  be  obtaiaed.  Most  of  the  gasoline  was 
extracted  in  the  first  absorber,  and  the  rest  in  the  second,  practically 
no  gasoline  beiag  obtained  in  the  third.  In  other  words  absorption 
was  practically  complete  with  two  absorbers.  The  absorption  per- 
centage, 7  to  8  per  cent,  was  allowed  to  rise  too  high  in  the  first 
absorber  to  extract  all  the  gasoline  in  one  absorber. 

The  yield  of  gasoline  from  the  *'line  L"  gas,  tests  8  to  10,  was 
less  than  from  the  "low  field"  gas.  In  test  8  two  absorbers  were 
used  ia  series  but  for  tests  9  and  10  only  one  absorber  was  used. 
Tlie  absorption  of  gasoline  was  kept  down  to  about  2  to  4  per  cent, 
so  that  one  absorber  would  extract  all  the  gasoline,  by  using  a  smaller 
quantity  of  gas  ia  the  tests. 

Tests  11  to  16  show  the  results  obtained  from  "line  L"  and  "low 
field"  gas  with  "straw  oU"  as  the  absorbent.  The  yields  were  not 
quite  as  high  as  those  obtained  with  "mineral  seal  oil." 

In  using  one  absorber  for  field  tests  it  is  recommended  that  about 
100  cubic  feet  of  gas  be  used  at  the  rate  of  100  cubic  feet  per  hour, 
with  1,750  c.  c.  of  oil. 

LABGE-SCAUB  EXPERIMENTAL  PLANT  AND  ITS  OPERATION. 

WhUe  the  tests  with  the  small-scale  absorber  were  under  way, 
tests  on  a  much  larger  scale  were  made  with  the  plant  shown  in 
figure  3.  This  plant  was  capable  of  continuous  operation  as  natural 
gas  was  continuously  passed  through  the  absorbing  oil,  and  the  oil, 
after  leaving  the  absorbers  charged  with  gasoline,  was  pumped  to 
steam  stills,  where  the  gasoline  was  removed  and  the  oil  pumped 
back  to  the  absorbers  to  receive  another  charge  of  gasoline.  The 
plant  had  a  capacity  of  15,000  to  30,000  cubic  feet  per  hour. 

GXBOULATION  OF  OAS  AND  OIL. 

The  natural  gas,  which  is  brought  in  from  a  pipe  line,  enters  the 
absorbing  tank  at  c  and  the  oil  enters  at  h.  They  pass  into  the  T 
pipe  df  and  the  mixture  passes  from  there  through  many  small  holes 
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into  the  oil  contained  in  lihe  absorber.  The  gas  bubbles  up  thromgh 
the  oil  and  passes  out  of  the  absorber  as  shown  and  returns  to  the 
pi]>e  line. 


t 


I 


I 


& 


i 


The  oil  charged  with  gasoline  passes  first  to  the  weathmng  tank  e, 
where  the  lighter  parts  of  the  gasoline  are  released  through  the  safety 
yalve.    Next  the  oil  enters  the  pump/  and  is  pumped  through  thie 

97734^— Bull.  120—17 4 
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heai  exchftDgeor  y  into  the  rock  tower  h  of  the  steam  still  l^  whece 
the  gasoline  is  distilled  from  the  oil  vith  lire  steam.  The  codler  m 
separates  the  water  (condensed  steam)  from  the  gasoline,  which  is 
condensed  in  the  condenser  and  flows  out  of  the  system  at  the  gasoline 
drip. 


The)  hat  oil,  after  having  been  freed  of  its  gasoline,  is  passed  throng 
the  heat  exchanger  g  and  heats  the  oil  passing  to  the  still  and  from 
No.  1  pump  is  forced  through  the  cooling  coils  o,  on  which  running 
water  drops.  The  cooled  oil  then  passes  into  the  absorber  «  to 
receiye  another  ^arge  of  gasoline.  The  operation  is  ocmtinuous^  tho 
oil  being  used  over  and  over  again. 
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ABfiOBBXBS. 

In  addition  to  the  type  of  absorber  shown  in  figure  3  and  in  detail 
in  figure  6,  two  other  types  of  absorbers  were  used  as  shown  in 
figures  4  and  5.  In  the  absorber 
(No.  4)  iDustrated  in  figure  4  the 
gas  and  oil  enter  as  shown,  splash 
together  against  the  ba£9e  plates, 
and  pass  through  the  pipe  a  into 
the  main  pipe  b.  The  gas  leaves 
the  absorber  at  the  point  e,  and  the 
oil,  charged  with  gasoline,  leaves 
at  the  point  d.  In  the  vertical  or 
tower  absorber  (No.  5),  illustrated 
in  figure  5,  the  oil  enters  as  shown 
and  drops  onto  and  through  a 
€<^uinn  of  stones  eaeh  about  the 
size  of  a  man's  fist.  The  gas  enters 
near  the  base  of  the  tower  and 
flows  countereurrent  to  the  oil  and 
out  of  the  gas  pipe  at  the  top 
of  the  column.  In  the  horizontal 
absorbing  chamber  (No*  6),  shown 
in  figure  6,  the  oil  and  gas  flow 
through  a  vertical  pipe  and  along 
a  horizontal  perforated  pipe  near 
the  bottom  of  the  chamber,  whence 
the  gas  rises  through  the  oiL 

The  steam  still  used  in  the  tests 
iiB  shown  in  figure  7.  The  oil 
diarged  with  gasoline  entered  at 
the  top  of  the  stone  column  a;  live 
steam  entered  the  still  through 
the  T  pipe  h.  The  oil,  freed  of  its 
gasoline,  left  the  still  at  c. 

BSMOYAL  or  0A80LINB. 

The  cooling  box  in  which  the 
steam  in  the  gasoline  was  con- 
densed and  the  water  returned  to 
the  stiU  is  shown  in  figure  8. 
The  condensed  steiam  was  returned 
to  the  still  at  a;  the  gasoline  vapors  passed  through  b  to  the  cooler. 

Figure  9  shows  the  condenser  where  the  gasoline  vapors  wei^ 
condensed  and  removed  from  the  system. 
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The  heat  exchanger  used  in  the  experiments  is  shown  in  detail  in 
figure  10.    The  oil  flowing  from  the  absorber  to  the  still  passed 
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FlQims  6.— HorlionUl  absorber,  in  which  gas  bubbles  through  the  ofl. 

through  the  inside  pipe  atkl  was  heated  by  the  hot  oil  from  the  still 
which  passed  through  the  outside  pipe.    The  coils  OTer  which  water 
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FiauKX  7.— Steam  still  for  removing  sasoUDe  from  absorbent. 

flowed  to  cool  the  hot  oil  before  it  passed  again  into  the  absorber  are 
shown  in  figure  11, 
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The  weathering  tank,  where  the  lighter  constituents  of  the  gasoline 
'Were  permitted  to  escape  through  a  relief  valve,  is  shown  in  figure  12. 

BSQtTLATION  OF  OIL  FEED. 

Oil  in  the  still  could  not  exceed  a  certain  height  because  of  the 
float  shown  in  figure  13.  YThen  the  oil  exceeded  the  proper  level, 
the  ball  a  was  raised,  opening  a  valve  h  and  allowing  oil  to  flow  from 
the  still  to  a  pump  and  from  there  around  the  circuit. 

BBSni/rS  07  TOB8T8  WIXK  EOBIZOHTAIi  AB8OBBEB8. 

Table  2  shows  the  results  of  tests  with  different  absorbers  on  ''low 
field"  natural  gas  and  "line  L"  natural  gas.  Each  test  was  of  four 
hours'  duration  and  was  conducted  at  the  pressure  of  the  gas  liae, 
about  225  pounds  per  square  inch.    In  the  first  four  tests  more  gaso- 
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FwmKB  10.— HMt«zohaii0r. 


line  was  obtained  from  "low  field"  gas  with  absorber  No.  2  than 
when  absorber  No.  4  was  used.  The  same  is  true  of  "line  L"  gas, 
although  in  both  cases  the  difference  is  slight  The  pressure  on  the 
still  was  kept  at  about  2  to  3  pounds  per  square  inch.  The  gas  as  it 
came  from  the  lines  had  a  temperature  of  about  46^  to  63^  F.  The 
oil,  after  it  left  the  stiUs  and  was  cooled  by  passing  through  pipes 
upon  which  running  water  fell|  had  a  temperature  of  about  80^  F. 
The  temperature  of  the  oil  ehaxged  with  gascdiiie,  after  it  had  been 
heated  in  the  "heat  exchanger*'  and  before  it  entered  the  still,  was 
about  120''  to  140''  F.  The  "heat  exchanger"  heated  the  oU  before 
it  entered  the  still  from  a  temperature  of  about  60^  to  70^  F.  to  a 
temperature  of  i|bout  120''  to  140^"  F. 

In  test  6|  to  show  the  effect  of  high  temperature  of  the  absorbing 
oil  in  decreasing!  the  gasoline  yield,  the  oil  was  given  a  temperature 
of  about  90^  F.,  which  was  about  lO'^  higher  than  the  previous  tests, 
This  rather  slight  increase  in  temperature  made  an  appreciable  dif- 


BXTBACTION   OF  aAAOUNB  PBOM   NArUBAL  QAS. 


r^  ^ 

r^ 

■  J- 

i 

J    L 

1  \ 

n  1 — 

i 

1 

1 

1 

1 

8 

j 

i 

1 

y 

c: 

r 


SBBULTB  OF  TESTS  WITH  HOBIZOKTAL  ABSOBBEBS. 


38 


ference  in  the  yields  as  it  was  decreased  about  0.3  pint  of  gasoline 
per  1,000  cubic  feet  at  gas. 
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FiGimx  12.— Wtttbertng  tank. 


The  three  different  kinds  of  absorbers  used  in  the  tests  are  given 
the  same  numbers  (Nos.  4,  5,  and  6)  as  the  illustrations  that  show 
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Fioimi  13.— Float  for  oontrolllng  height  of  ofl  In  still. 

them  in  detail  (see  figs.  4,  5,  and  6).  Figure  3  shows  the  plant  as 
equipped  with  absorber  6.  In  each  case  it  will  be  observed  that 
greater  yields  of  gasoline  were  obtained  when  absorber  6  was  used. 
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TBSTS  WITH  TOVBB  ABBOBBSB. 

With  the  experimental  plant  a  number  of  tests  were  made  in  which 
the  tower  absorber  (No.  5)  shown  in  figure  5  was  used.  The  results 
are  given  in  Table  3,  with*  those  of  a  test  made  on  the  same  day  with 
absorber  4,  shown  in  figure  4.  The  results  are  much  in  favor  of  the 
tower  absorber.  In  fact,  an  arrangement  like  that  shown  in  figure  5 
has  been  foimd,  from  long  experience  by  technical  gas  men,  to  be 
the  most  efficient  method  of  washing  or  scrubbing  any  gas,  although 
there  are  various  other  methods  of  introducing  a  spreading  or  contact 
surface,  such  as  the  use  of  clay  tile  or  wooden  lattice  work. 

The  oil  enters  above  the  stones  and  flows  through  tiie  interstices 
between  them,  covering  each  pebble  with  a  thin  film  and  exposing 
a  large  surface  to  the  rising  gas.  The  gas  enters  near  the  bottom 
of  the  absorber  and  first  encounters  oil  more  or  less  charged  with 
gasoline.  Some  gasoline  is  removed  from  the  gas  at  the  start,  and 
more  is  removed  as  the  gas  travels  upward.  Finally  the  gas,  almost 
stripped  of  its  gasoline,  comes  in  contact  with  fresh  oil  which  absorbs 
the  remaining  portions  of  the  gasoline  from  the  gas.  The  results  of 
these  tests  are  shown  in  Table  3. 

Table  3. — Remits  of  comparative  tests  with  absorbers  No.  4  and  No.  6. 
[Tests  performed  Uar.  3, 1916,  with  "low  field"  gas.] 


Item. 


Pressure  at  Inlet  to  absorber,  poands  per  square  Inch. 

Pressure  on  still,  pounds  per  square  mch 

Temperatures,  *  F.: 

on 

OU  outlet  from  still 

Vapor  outlet  from  cooler 

Cooling  water 

Still 

Oil  outlet  from  absorber 

Bpedflc  gravi^  of  oil,  *  B.: 

Oil  at  inlet  to  absorber 

Oil  at  outlet  from  absorber 

Yield  of  gasoline,  c.  c 

Bpedflc  gravity  of  absorption  gasoline,  *  B 

Bpedflc  gravity  of  refrigerator  gasoline,  *  Ba 

Volume  of  refrigerator  gasoline,  c.  o 

Amount  of  gas  passed,  cubic  feet 

Yield  of  gasoline,  pints  per  1,000  cubic  feet 


Rate  of  flow  of  gas,  cubic  feet  per  hour. 

Gallons  of  oil  circulated  per  1,000  cubic  feet  of  gas. . 


Tower  absorber  (No.  6). 


8 
a.m. 


22^ 
3 

58 

207 
142 

52 
218 

54 

34.2 
36.4 


9 
a.  m. 


215 
3 

64 
210 
170 

52 
216 

58 


10 
a.  m. 


211 
2.75 

66 
206 
164 

54 
216 

60 


11 
a.  m. 


33.7}    83.5 

36.2    86.0 

17.00016,000 


Is.  2 
91.1 


Is.  5 
91.8 


1,860  2,200 
73,800 
1.57 


211 
2.75 

68 
209 
176 

52 
216 

62 

34.4 
35.8 

16.310 
Is.  8 
90.5 

2,030 


24,600 
7.9 


Baffle  plate  absorber 
(No.  4). 


8 
a.m. 


9 
a.  m. 


225 
3 

66 
212 
170 

52 
216 

60 

84.5 
85.0 


220 
3 

66 
212 
172 

52 
216 

58 

84.5 

35.2 
9,200 

90. 

90.3 
2,335 


10 
I.  m. 


216 
2.76 

66 

212 
184 

52] 

216 

60 


1.18 


11 
a.m. 


215 
2.75 

68 
210 
172 

52 
215 

68 


34.5  34.4 
85.0    34.4 

9.60011.300 
80.3  ^8 
92.0    90.6 

2,130^  1,810 


21,600 
8.7 


a  Gasoline  condensed  from  vapors  that  escaped  from  still. 
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EFFBCT  OF  PBBSSUBX  OK  TBM  ABBOnVHOV  (KT  GASOLINE  FBOM 

NATX7RAL  OAS. 

Table  4  shows  the  results  of  expeiiments  made  with  the  small  ab- 
sorber shown  in  figure  2,  with  ''mineral  seal  oil''  and  "low  field" 
gas,  which  show  the  variation  in  yield  of  gasoline  with  different  pres^ 
sures.  Atmospheric  pressure  and  pressures  of  20,  40,  85,  and  110 
poimds  per  square  inch  were  used.  It  will  be  noted  that  the  yields 
vary  from  0.71  pint  to  1.19  pints  of  gasoline  per  1,000  cubic  feet  of 
gas  as  the  pressure  was  increased  from  atmospheric  to  110  pounds 
per  square  inch.  The  maximum  yield  is  undoubtedly  obtained  at  1 10 
pounds,  for,  as  shown  in  Table  1  (pp.  21-22),  the  yield  at  235  pounds 
per  square  inch  was  not  appreciably  larger. 
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40  EXTE^CTION  OF  QASOUKE  FBOM  KATUBAL  OAS. 

OPBBATION    OF    ABSOBPTKMff    OASOUKB    PLAJTrS    AT    LOW 

PBB88X7KES. 

Any  gasy  when  brought  into  intimate  contact  with  a  liquid  by 
mixing,  is  absorbed  to  some  extent  by  the  liquid,  the  amount  absorbed 
varying  greatly  with  the  nature  of  the  gas  and  also  with  that  of  the 
liquid.  When  gas  is  mixed  with  liquid  under  pressure,  the  greater 
the  pressure  to  which  the  gas  is  subjected  the  larger  is  the  amount 
(by  weight)  that  is  dissolved.  A  simple  relation  between  the  solu- 
bility of  a  gas  and  the  pressure  appUed  was  discovered  by  Henry  and 
has  come  to  be  known  as  Henry*s  law — ^namely,  the  amount  of  gas  dis- 
solved by  a  liquid  is  proportional  to  the  pressure  to  which  the  gas  is 
subjected.  Henry  tested  several  gases  at  pressures  ranging  from  1 
to  3  atmospheres  and  found  that  the  relation  held  quite  closely. 
Exceptions  to  it,  however,  are  not  wanting.  If  the  gas  is  very 
soluble  in  the  liquid,  the  law  does  not  hold. 

The  data  given  in  Table  4  shows  that  under  practically  identical 
methods  of  operation  the  yield  of  gasoline  increased  with  the  pressure 
and  that  the  maximum  yield  was  obtained  at  110  pounds  pressure. 
In  these  tests  the  absorption  of  gasoline  was  less  than  3  per  cent, 
but  the  authors  have  f  oimd  that  this  may  be  increased  to  4  per  cent, 
at  high  pressure,  and  the  maximum  yield  obtained.  The  absorption 
percentage  is  calculated  as  follows: 

Volume  of  gasoline ^-^    ^,     _^.. 

— yjl^jjj^^— X100-(ib8orption  percentage. 

However,  good  results  can  be  obtained  at  low  pressures  if  the  quan- 
tity of  oil  in  circulation  is  increased.  The  authors  obtained  some 
experimental  evidence  on  this  point  by  keeping  the  pressure  at 
atmospheric  pressure  and  varying  the  oil  circulation  to  determine 
what  degree  of  saturation  of  the  oil  with  gasoUne  is  necessary  for 
obtaining  the  maximum  yield  of  gasoline  at  low  pressures.  The 
results  of  these  tests  are  shown  by  the  curve  in  figure  14.  The 
abscissas  show  the  yields  in  percentages  of  the  total  gasoline  content, 
and  the  ordinates  the  absorption  percentage.  With  an  absorption  of 
3  per  cent  only  about  10  per  cent  of  the  total  gasoline  content  was 
obtained,  whereas  with  0.20  per  cent  absorption  80  per  cent  of  the 
gasoline  was  obtained. 

Hence  if  there  were  required  4  gallons  of  oil  per  1,000  cubic  feet 

of  natural  gas  at  1 10  potmds  pressure  and  3  per  cent  saturation,  there 

3 
would  be  required  q^q  X  4  -  60  gallons  of  oil  per  1,000  cubic  feet  of  gas 

at  atmospheric  pressure  to  obtain  80  per  cent  of  the  maximum  yield. 
It  is  well  to  bring  out  here  that  high  pressures  are  not  essential. 
Of  course,  a  great  deal  of  natural  gas  exists  at  high  pressures,  and 
hence  can  not  be  treated  at  low  pressures;  but,  on  the  other  hand 
a  great  deal  of  gas  can  be  treated  at  low  pressures.    This  includes 
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so-called  "dry"  lutnrat  gw,  used  for  domotie  and  factory  purposes, 
and  billions  of  feet  per  year  of  casing-head  gas  that  is  of  too  low 
grade  to  treat  by  oon4>reB8iott  methods.  To  the  authors'  knowl- 
edge no  eodsting  patent  coveis  the  basic  procees  of  treating  natural 
gaa  at  preesuree  of  Icsb  than  30  pounds  per  square  inch  above  atmoe^- 
pherio  jveasure. 

At  25  pounds  per  square  inch  the  amount  of  oil  in  circulaUon  has 
to  be  increased  6  to  7  times  the  amount  at  high  pressure  to  obtain 
the  rpft*'"*^""  amount  ot  gasoline.  However,  operation  of  a  plant 
at  low  pressure  is  more  expensive,  and  such  a  plant  coats  more  to 
build. 


TOTAL  TIEUll  FEB  ONT 


AMOUKT  OF  OIL  TO  TTSB  TO  OBT  AIIT  KAXDCmC  yiBU)  OF  G  ASOUHX. 

A  large  number  of  teats  were  made  with  the  different  absorbers 
to  determine  the  proper  amount  of  oil  to  be  used  per  1,000  cubic 
feet  of  natural  gae  at  high  pressure  in  order  to  obtain  the  highest  yield 
of  gasoline.  It  was  found  that  the  best  results  were  obtained  with 
absorbers  No.  4  and  No.  6  (see  figs.  4  and  6)  when  about  7  gallons  of  oil 
was  circulated  per  1,000  cubic  feet  of  gas.  With  the  tower  absorber 
No.  5,  shown  in  figure  6,  good  results  could  be  obtained  by  circulating 
4  gallons  of  oil  per  1 ,000  cubic  feet  of  gas.  Instead  of  decreasing  the 
amount  of  oil  in  this  absorber,  the  practice  of  the  authors  was  to 
keep  the  oil  rate  at  about  7  gallons  ajid  increase  ihc  gaa  rate.  The 
best  results  were  obtained  by  passing  about  2S,000  cubic  feet  of  gas 
per  hour  and  circulating  about  5  to  6  gallons  of  oil. 
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The  gasoline  obtained  by  absorption  in  ^'mineral  seal  oil''  and 
steam  distillation  rather  consistently  had  a  specific  gravity  of  about 
80^  B.  The  results  of  two  of  many  distillation  tests  tbat  tiie  autbors 
made  of  snch  gasoline  are  shown  in  the  table  following.  Hie  gasoline 
was  from  tests  with  the  large-scale  experimental  plant  shown  in 
figure  3. 

Retulta  o/distUlatian  teits  of  gasoline  obtained  hy  absorption  wiih  **  mineral  seaioU^^Jrotn 

expenmental  piani. 


OMoUne  obtmlned  Deo.  22, 1915; 
spedflo  gravity,  77.4*  B. 

Gaaaline  obtained  Dec.  29, 1915; 
spedflo  gravity,  80*  B. 

DIstinaUQQ 
temporatura. 

Vcdnmeof 
dlstilUte. 

Bpodfle 
CrftTityof 

Distfllatloa 

temperatore. 

Volume  of 
distniate. 

Speslflo 
gravity  of 

•  F. 

80  to  102 

102  to  124 

124  to  138 

138  to  152 

152  to  168 

168  to  182..... 

182  to  202 

202  to  232 

233  to  250 

Um 

Far  cent, 
10 
30 
80 
40 
50 
60 
70 
80 
88 
13 

88 

,78 

73 

68 
65 

•F. 

80  to  110 

110  to  124 

134  to  186 

136  to  146 

146  to  158..... 
158  to  173..... 

173  to  188 

188  to  308 

308  to  344 

344  to  390..... 
LoflS 

Feretnt, 
10 
30 
30 
40 
50 
60 
70 
80 
00 
08 
7 

•B. 
01.8 
89.0 
86.7 
83.4 
80.4 
77.4 
73.3 
7a3 
65.0 
63.1 

EVAPOBATION  LOSS  7BOM  THE  aASOLINB. 

The  results  of  tests  to  determine  the  loss  by  evaporation  from 
different  grades  of  gasoline  are  shown  in  the  table  following.  The 
liquids  were  exposed  in  glass  cylinders,  12  inches  hi^  and  4  inches 
in  diameter,  with  a  capacity  of  IjOOO  cubic  centimeters.  The  fimt 
column  in  the  table  shows  the  evaporation  loss  when  the  gasoline 
obtained  from  natural  gas  by  the  absorption  process  was  exposed 
to  the  air  in  the  open  contuner.  The  second  column  shows  the 
•VAporation  loss  from  refinery  gasoline. 

RetvUi  of  tests  to  determine  evaporation  loss  ^gasoline. 

OasoUne 
fromabsorp-  Reflnery 
gasollDe. 

60.4 

70 

1,000 

976 

d55 

«24 


tlOQ 

Specific  gravity  of  gasoline  at  start,  ^  B 81.1 

.Temperature  qI  gasoUne,  ^'F 56. 

Temperature  of  room,  ^  F * . ." 70 

Volume  of  gasoline  at  start,  c.  c 1,000 

Volume  of  gasoline  after  24  hours,  c.  c 895 

Volume  of  gasoline  after  48  hours,  c.  c 840 

869 
79.6. 
76.5 
76 

56    ' 
61 


Vohuae  of  gasoUne  after  72  hours,  c.  c 

^peqific  giavity  of  gitsoline  after  24  houni,  ^  B 
Specific?  gravity  of  gasoline  after  48  hours,  ^  B 
Specific  gravity  of  gasoline  after  72  hours,  ^  B 
Temperatore  of  gasoline  after  24  hours,  '^  F 
Tempemture  olgflsdliiie  alter  7'2hoan,  ^  F 
Kv^pornttoil  JpM  of  ^asoline^  per  cent: 

Loss  after  24  h9urs ^  ^ . . . » 

Loss  after  48^h6urs ' 

LoA  alt^  72  hours 


»!•  • 


58 


•'.•■*• 


80 


10. 5 . 

16 

20 


7.6 


•  •!•;  . 
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The  gM<^6  obtaiiied  from  natural  gaa  by  the  absorption  method 
lost  by  eyaporation  10.5  per  cent  of  its  original  vohime  in  24  hours, 
16  per  cent  in  48  hours,  and  20  per  eent  in  72  hours.  Hie  refinery 
gittoUne,  which  is  r^resentatiTe  of  most  of  that  used  in  automobiles 
to-day,  lost  from  one-third  to  one-fourth  as  much  as  the  natural-gas 
ffasoline. 

VAFOB-TEN8ION  TBST8  OF  THB  GASOUXIB. 

*  Many  vapor-tension  tests  were  made  of  the  gasoline,  some  of  which 
are  shown  in  the  table  following.  It  will  be  seen  that  the  gasoline 
does  not  develop  excessive  pressure  with  rise  of  temperature  and 
that  it  comes  well  within  the  specifications  for  gasoline  that  can  be 
dapped  in  tank  cars. 

JUiuUs  o/vapor-pr€$9itre  t€$t$  o/ffa$olin€  obiamed  6y  gh$orption  jfrote99. 


ItM. 


Bate  of  nuking  t«t  {jam 
8{Melfle  stftvlty  of  fudllne 


B. 


Vfl|Kiriire8si^mt7b*F pounds  per  squftrtlneli.. 

V«porpr«ni]reftt«>*r. do. 

Vapor  piwsun  at  100*  r do., 


TcitL 


Doe.  13 

70 
1.25 
1.20 
SL75 


T«sta. 


Dte.  M 

78 
1.0 
1.6 
2.5 


Toiir 


Dee.  22 

77.6 

.5 

1.0 

2.5 


9tit4. 


>  23 
81.6 
l.SS< 

1. 75 


The  rules  of  the  Interstate  Commerce  Commission  regarding  the 
shipment  of  natiural-gas  gasoline  follow. 

REGULATIONfl  FOB  THB  TbANSPOBTATION  ON  RAn.BOAnB  OV  NaTUBAItGab  GABOUNB.O 

Liquefied  petroleum  gas  is  a  condeiiaate  from  the  ''caaiiig-head  gas"  of  petroleum 
oU  wells,  whose  vspor  teDsion  at  100^  F.  (38"*  G.)  to  W  F.  (32<'  0.),  November  1  to 
March  1,  exceeds  10  pounds  per  square  inch.  Liquefied  petroleum  gas  must  be 
shipped  in  metal  drums  or  barrels  which  comply  with ''  Shipping  Container  Specifi- 
cations No.  5"  or  in  tank  can  especially  constructed  and  i4>proved  for  this  service 
by  the  Master  Car  Builden'  Association.  When  the  vi^ku*  tension  at  100^  F.  (SS*'  C.) 
exceeds  26  pounds  per  square  inch,  cylinders  as  prescribed  for  compressed  gas  must 
be  used. 


UNCONDENSED  GASOLINE   VAPOBS  IN  GAS  FBOM  STILL. 

In  distilling  the  gasoline  from  the  ''mineral  seal  oil"  by  means  of 
steam,  an  appreciable  quantity  of  nncondensed  vapors  escaped  with 
the  gas.  Some  of  this  vapor  was  liquefied  by  passing  it  through  a 
pipe  1  inch  in  disZBtfter- and  about  8  feet  long  placed  inside  another 
pipe  2  inches  in  diameter  and  8  feet  long.  Compressed  natural  gas 
which  had  been  used  in  place  of  steam  to  run  one  of  the  oil  pup^ 
was  expanded  through  tlie  larger  pipe  to  cool  and  condense  as  mi^ch 
of  the  vapors  in  the  inuer  pipe  as  possible.  A  temperature  of  O^.to  , 
4*  F.  was  obtained,    llie  vajpor  pressure  and  otker,  data  regfqxiiqg . 

'  '  , ^ 1 r- 

•rfnm  M^aniMofis  oC  tbelaiantsts  OdaunteM  fMstsHstloD  ftr  iHb  MoisportBtiDii  of  explositM  '%atL 
otter  4piieMQi]S  V4cj^  b7  (c^ht  jkcA  ez^n^,  sqd  «iM|U»Ucfi#.  f^r  ihipplQr  <»Rtsk>*r4«'^   AibUvlpd  > 
bf  tfc^te^ltf  t&s  S^Tnttuportation  of  Ezplodves  and  Other  Daii«eroiu  Artides,  iaJaivotfy,  lOla, 
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^h#  condensed  vapois  obtained  in  teste  of  ''line  L"  gas  ofn  December 
28,  191 5|  with  the  plant  shown  in  figures  3|  wei«  as  foOonns: 

In  the  test  130,000  cubic  feet  of  natural  gas  was  used,  and  450 
cubic  feet  of  vapor  passed  through  the  condenser.  The  yield  of  gas- 
oline obtained  from  the  steam  stiU  during  this  test  was  0.94  pint 
per  1,000  cubic  feet  of  gas;  the  yield  from  the  vapor  passing  throu^ 
condensing  pipe  was  3}  gallons  per  130,000  cubic  feet  of  natural 
gas,  or  0.2  pint  per  1,000  cubic  feet,  making  a  total  yield  c(  1.14 
pints.  This  gasoline  showed  a  vapor  tension  of  0.5  pound  at  70^  F.; 
S\  pounds  at  90""  F.;  and  11  pounds  at  100""  F.  The  specific  gsavity 
of  the  gasoline  that  was  caught  in  the  oondaising  pipe  waa  94.9^  B.., 
and  that  of  the  gasoUne  from  the  still  was  80^  B.  In  large-scale 
operations  the  imcondensed  vapors  are  treated  in  an  auxiliary  com- 
pressor plant  for  extraction  of  the  gasoline. 


xvafobahon  tsst  or  oasounb  condensbd  fbom  vafoks. 

The  rate  of  evaporation  of  the  gasoline  condensed  from  vapors 
escaping  from  the  still  is  shown  in  the  table  foUowing.  Hie  table 
also  shows  the  rate  of  evaporation  of  mixtures  of  the  gasoline  with 
naphtha  having  a  specific  gravity  of  55^  B.,  and  of  the  naphtha 
alone. 

Evaporation  looses  from  the  gatoline  and  mixturet  of  gasoline  and  naphtki. 


Volume  of  nBiple,c.c 

Temperature  of  room,  "F 

Speoifto  gravity,  *  B 

Volume  after  o  hours , 

Volume  after  IS  bours 

Volume  after  24  hours 

Volume  after  30  hours 

Volume  after  42  hours 

Volume  after  48  hours , v 

Volume  after  72  hours 

BpecUlc  gravity  at  end  of  72  hours,  *  B 

PeroentagB  lots  after  18  hours 

Peroentage  lofts  after  ^  hours. 

Peroentage  loss  after  72  hours. 


ICixtuie 
offlOOe.  c. 
ofnaolins 
andfiOOac. 
otf  naphtha 


1,000 

68 

71.« 

07( 

048 

022 

002 

882 

880 

854 

848 

&.3 

IS 

14.0 


UUture 
of2S0c.  e. 
offBAoUne 
and7S0c.c 


1,000 

68 

es.4 


962 


064 
042 
048 

028 

028 
8.2 
5.2 
7»» 


1,000 

68 

80.0 


012 
870 
840 
812 


740 
755 

24.5 


OOST   OF  AN   AB80&FTIQN   PXAXV. 

As  a  result  of  the  experhnents  described,  which  were  on  a  fairly 
small  scale,  work  was  started  on  a  large  plant  capable  of  liandling 
60  mOIion  cubic  feet  of  natural  gas  daily.  Exact  figures  for  the  costs 
of  installing  such  a  plant  can  not  be  given.  It  is  behevedi  howev^^ 
that  a  conservative  estimate,  figured  on  plant  capacity,  is  II  ,50  to 
$2  per  1,000  cubic  feet  of  gas  handled  per  day  for  a  plant  wit^  a  daily 
capacity  of  60  to  90  million  cubic  feet  or  more, to  $2  to  $4  for  a  pl^t 
with  a  daily  capacity  of  30  million  cubic  feet  or  less. 
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Theietums  aie  hu^.  At  a  coat  of  $1.50  per  1,000  cubic  feet  of 
plant  capaeity y  a  plant  to  handle  60  million  cubic  feet  per  day  would 
cost  $90^000.  If  only  1  pint  of  gasoline  were .  extracted  from  each 
1,000  cubic  feet  of  gas  the  yield  per  day  from  60  million  cubic  feet 
would  be  7,500  gaUons.  The  gross  mcome  at  20  cents  per  gallon  foar 
gaaoline  would  be  $1,500  per  day. 

CONSTBTTCnON  OF  LABGB-SCAIiE  ABSOBPTION  PLANT. 

As  a  result  of  the  experim^ital  work  with  the  plant  shown  in 
figures  7  to  13  a  lai^  plant,  having  a  capacity  of  approximately 
60,000,000  cubic  feet  of  natural  gas  per  day,  was  constructed.  This 
plant  is  operating  successfully  and  producing  1.2  pints  of  gasoline 
per  1,000  cubic  feet  of  gas.  Tb»  gas  used  in  this  plant  is  treated  at  a 
pressure  of  about  235  pounds  per  square  inch. 

Ten  absoibers  of  the  vertical  type  are  used  in  parallel ;  each  one  is 
30  feet  high  and  30  inches  in  diameter.  Hollow  tile  is  used  as  filBng 
to  distribute  the  oil  as  it  falls  through  the  absorber  and  comes  in  con- 
tact with  the  gas.  Fourteen  vertical  heat  exchangers  are  connected 
in  aeries  with  piping  so  arranged  that  any  one  of  them  can  be  cut 
out  of  service.  Each  exchanger  consists  of  an  IS-inch  pipe,  18  feet 
long,  containing  thirty-one  2-inch  tubes.  The  cold  oil  passes  through 
the  2*ineh  tubes,  and  the  hot  oil,  traveling  in  the  other  direction, 
passes  around  the  tubes,  thereby  providing  for  an  exchange  of  heat 
between  the  hot  and  the  cold  oil.  The  still  consists  of  a  sheet-iron 
boiler  shell  8  feet  in  diameter  and  26  feet  long,  with  a  stone  tower 
26  feet  high.  Six  pipe  connections  arranged  in  T  form  introduce 
Uve  steam  into  the  still. 

.  A  view  of  the  absorbers  is  shown  in  Plate  I,  B;  the  stills,  con* 
densersy  and  heat  exchangers  are  shown  in  Plate  I,  A.  A  general 
view  of  the  plant  is  shown  in  Plate  II,  A. 

At  a  plant  other  than  the  one  described  above  the  absorbers  con- 
sist of  20-inch  pipe,  20  feet  high,  with  a  flange  tapped  for  8-inch 
pipe  at  the  top  and  a  20-inch  by  6-inch  swedge  at  the  bottom,  wdded 
on.  One  foot  above  the  welded  joint  of  the  swedge  nipple  an  8-inch 
collar  is  welded  to  the  side  of  tower  for  a  gas  inlet.  The  gas  outlet 
is  tfarou^  the  8-inch  opening  in  the  flange  at  the  top  of  the  tower. 
Two  feet  below  this  flange  six  openings  are  tapped  in  a  ring  around  the 
20-inch  tower  and  in  these  openiaogs  are  screwed  spray  nozzles 
pointing  downward,  their  center  lines  forming  an  angle  about  of  30^ 
with  the  center  line  of  the  tower.  These  nozzles  have  -^inch  open- 
ings behind  which  are  inserted  twist  drills.  The  fresh  oil  is  pumped 
&rough  the  nozzles  at  a  pressure  100  pounds  higher  than  the  gas 
pressure,  resulting  in  a  fine  spray  or  fog  of  fresh  oil  being  directed 
downward  against  the  upward  stream  of  gas  through  the  tdwe)r« 
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The  tower  is  filled  from  a  point  1  foot  above  the  gas-inlet  opening  to 
a  ppint  9  feet  above  it  with  wooden  data  ^  inch  by  6  inches  in  dimoi- 
sion,  standing  on  edge,  with  the  lengths  of  alternate  Ia3rer8  at  right 
angles  to  eaeh  other.  Hie  oil  spray  strikes  these  slats  and  trickles 
down  over  their  surfaces  in  thin  layers,  thus  offering  a  large  surface 
contact  with  the  upward  stream  of  gas  through  them.  The  oil  flows 
out  through  the  swedge  nipple  at  the  bottom^  into  a  receiving  tank, 
from  which  it  is  forced  by  the  gas  pressure  of  the  system  to  the  oil 
heat  interchangers,  and  thenoe  to  tbe  stilL 

Each  tower  as  above  described  is  designed  for  a  capacity  of 
3,000,000  cubic  feet  of  gas  per  day  at  300  pomids  gage  pressure. 
The  rate  of  oil  feed  is  lour  gallcms  per  1,000  cubic  feet.  Tbe  idea 
0ought  to  be  embodied  is  the  principle  of  countepgurrcnt  flow  con^- 
bined  with  intimate  mixii^  by  atomizing  the  oil  and  having  fresh 
oil  mingle  with  the  gas  at  the  last  moment  of  contact  between  the 
two,  when  the  gas  is  lean. 

HIAT  SXCHANOXBS. 

The  heat  exchangers  for  warming  the  cold  oil  from  the  absorbers 
with  the  hot  oil  discharged  from  the  still  are  made  up  in  units,  eacb 
of  which  consists  of  a  rectangular  sheet-iron  box,  with  welded  comer 
joints  and  flanged  cover.  Each  box  is  7f  inches  wide,  40  inches 
high,  and  20  feet  long  inside,  and  contains  16  pressed-eteel,  two- 
column,  four-section,  38-inch,  hot-water  radiators  fitting  snugly 
between  the  walls  of  the  box.  The  opposite  ends  of  the  alternate 
sections  of  the  radiators  have  baffle  plates  extending  to  the  top  and 
bottom  walls  of  the  box,  thus  causing  the  hot  o3  from  the  still  to 
flow  back  and  forth  through  the  spaces  between  the  individual 
radiator  sections  in  series  from  one  end  of  the  box  to  the  other.  This 
gives  the  oil  a  long  path,  at  comparatively  high  velocity,  favorable 
to  a  rapid  interchange  of  heat.  Tlie  cold  oil  from  the  Absorbers  flows 
through  the  inside  of  the  radiators  ih  the  opposite  direction,  thus 
further  increasing  tBe  efficiency  of  the  heat  exchange.  The  box 
itself  is  lagged  with  wood  on  the  outside  to  reduce  radiation  losses. 
Two  of  these  boxes  in  series  are  designed  to  have  a  capacity  corre- 
sponding to  6,000,000  cubic  feet  of  gas  per  day,  or  an  oil  flow  of  17 
gallons  per  minute. 

STILL. 

Two  types  of  still  are  being  installed,  both  of  which  are  based  on 
the  same  principle — ^to  cause  tL?  incoming  charged  oil  to  be  spread 
in  thin  layers  over  the  hot  evaporating  surfaces.  In  one  type  the 
still  tank  is  48  inches  in  diameter  and  12  feet  high,  with  banks  of 
IH'eesed-steel  radiators  set  in  it  one  over  the  other ;  at  the  top  a  sheet- 
iron  distributing  box  receives  the  charged  oil  and  causes  it  to  flow 
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B.    ABSORBER  AT  LARGE  GASOLINE  PLANT. 


W  OF  UWGE  GASOUNE  PLANT. 


B.    HORIZONTAL  ABSORBERS  IN  LARGE  GASOLINE  PLANT. 
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oyer  the  top  bank  of  radiators^  and  thence  down  to  the  next,  and  so 
on  until  it  reaches  the  bottom,  from  where  it  is  discharged  to  the  heat 
exchangers.  The  radiators  are  heated  by  liye  steam,  and,  as  the  oil 
passes  oyer  their  hot  smf  aces,  the  gasoUne  is  eraporated  from  the  oiL 
The  other  type  of  still  consists  of  an  old  5  by  12  foot  boiler  shell 
"with  tilie  flues  removed  and  one  head  rejAaced  by  a  flanged  head. 
This  shell  lies  horizontally  and  within  it  are  three  sheet-iron  troughs, 
one  over  the  other,  containing  1-ineh  steam  eoUs.  The  troughs  are 
shallow  and  incfined  so  that  the  oil  o<mung  in  at  one  end  of  the  top 
trough  flows  over  the  hot  ooila  and  at  the  other  end  or^rflows  into 
the  trough  below  it,  and  so  on  until  it  reaches  the  bottom  of  the 
still,  having  been  freed  of  its  gasoline.  Provision  is  made  for  inject- 
ing live  steam  into  the  still  when  necessary. 

GONDENSEB. 

A  Toung  atmospheric  condenser  is  used  for  condensing  the  gasoline 
vapor.  This  consists  <rf  vertical  castr-iron  headers,  containing  sep- 
firating  baffles,  with  2-iQch  pipe  connecting  the  header  towers  in  such 
manner  that  the  vapor  enters  the  bottom  of  one  tower,  encountecs  a 
baffle  for  separating  the.  first  condensate,'  then  passes  through  two 
paraOel  lengths  of  2*inch  pipe  to  the  next  head^  and  baffle,  where 
eondttisate  is  further  removed,  then  back  through  two  more  pipes  to 
another  separating  header,  and  so  on  until  three  passes  have  been 
made,  when  all  the  vapor  becomes  condensed.  The  jnpes  are  cooled 
by  water  dripping  over  them  from  an  oveiiiead  trough,  and  also  by 
the  oold  air  in  wintertime.  The  countercurrent  :flow,  with  continuous 
sepai^ation,  makes  it  possible  to  segregate  the  first  oily  condensate 
from  the  later  clear  gasolines.  A  cooler  of  this  type  to  condense 
2,000  gallons  of  gasoline  per  day  with  cooling-water  temperature  of 
50^  F.  consists  of  three  passes  of  doubled  2*inch  pq>e  20  feet  long, 
with  the  necessary  separating  headers  at  each  end. 

OIL  SEPABATOBg. 

In  order  to  separate  the  absorbing  oil  from  the  gas,  horizontal  pipe 
s^arators  are  used,  consisting  of  164iich  pipe  with  O-inch  coBars 
welded  in  the  lower  side  and  spaced  6  feet  apart.  At  these  opeoings 
baffle  plates  are  welded  into  the  pipe  on  the  downstream  aide  of  the 
opening,  and  extend  across  <me-ha1f  the  diameter  of  the  pipe.  Qa 
the  upstream  side  baffle  plates  are  welded  in,  obstructing  the  top 
half  of  the  pipe  cross  section.  These  top  plates  deflect  the  incoming 
gas  and  oil  mixture  toward  the  drip  openings  and  the  force  of  the 
impact  causes  a  separation  of  the  oil  from  the  gas*  In  order  to  assist 
separation  the  top  baffles  are  cut  with  a  120-degree  segment  opening, 
the  lower  edges  of  which  are  turned  over  against  the  direction  of  flow 
to  serve  as  troughs  for  carrying  the  separated  oil  out  of  the  stream  of 
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gas  to  the  sides  of  the  pipe  and  thence  to  the  drip  openings.  Four 
such  drip  openings  aro  designed  to  separate  att  the  oil  from  fAte  gas, 
and  a  16-inch  separator  is  connected  into  an  8-inch  line  throng 
welded  swedge  nipples. 

OONtfi'JiWJIlOir  OF  ABfiOBPTXDV  n^iAJBTF  VXAS  GATUBXTS- 

An  absorption  plant  was  constructed  near  Catleltsburg,  Ky.,  that 
has  a  capacity  of  80,000,000  cubic  feet  of  gas  per  day. 

The  company  has  installed  <me  12-foot  by  30-fbot  still  with  a  5-foot 
stone  tower  35  feet  high.  The  condenser  box  b  16  feet  wide,  25  feet 
long,  and  10  feet  high.  The  auxiliary  condenser  is  of  the  vertical 
tube  type.  The  oil  circulation  is  4  gallons  of  oil  per  1,000  cubic  feet 
of  gas  treated  and  the  amount  of  gasoline  obtained  is  140  gallons  per 
1,000,000  cubic  feet  of  gas.  The  temperature  in  the  still  is  main- 
tained at  216°  F.  Six  heat  exchangers  are  used,  each  containing  357 
iron  tubes  1  inch  in  diameter  and  7  feet  10  inches  long.  There  are 
10  absorbers,  of  the  horizontal  type,  each  5  by  20  feet.  The  oil 
cooler  consists  of  six  rows-of  2-inch  pipe,  each  row  eight  pipes  high 
and  18  feet  long.  Steam  is  generated  at  125  pounds  pressure  from 
300  boiler  horsepower.  The  vapors  from  the  storage  tanks  and  ihe 
noncondensable  vapors  from  the  still  are  compressed  in  a  two^etage 
compressor  with  10  by  12  inch  and  4|  by  12  inch  cyiind^B.  Hie 
compressed  gas  is  cooled  by  passing  it  through  two  rows  of  .2-indi 
pipe,  eadi  row  being  eight  pipes  high  and  18  feet  long. 

At  the  time  one  of  the  authors  of  this  report  visited  the  plant 
trouble  was  experienced  on  account  of  the  high  temperature  of  the 
oil,  water,  and  gas.  Also  the  gas  oompressor  was  not  large  enough  to 
handle  all  of  the  vapors. 

Plate  11,  B,  shows  the  arrangement  of  horizontal  absorbers  at  a 
plant  in  Oklahoma. 

CALCTTLATBD     8TBAK    AND    WATEB    BXQUIBEMElffTS    FOB    AH 

ABSOBFTION  PLANT. 

The  amount  of  steam  and  water  required  for  absorption-process 
gasoline  plants  of  various  sizes  has  been  calculated  from  data  accumu* 
lated  by  the  authors  in  operating  the  plant  shown  in  figure  8. 
These  requirements  are  based  on  the  fact  that  steam  e^diausts  frcm 
various  pumps  and  compressors  around  the  plant  into  a  low-^jHressure 
steam  line  and  then  into  th0  st^am  stills,  also  that  titie  overflow  water 
from  the  condensers  (at  a  temperature  of  80^  F.)  is  motB  than  enou^ 
for  the  auxiliary  condenser  or  cooler,  so  that  the  amount  d  condens- 
ing water  required  is  computed  for  the  main  condensers  only.  The 
amount  of  water  required  for  cooling  the  compressed  gas  from  the 
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weathering  tank  and  condensers  is  very  small  and  varies  considerably 
in  different  plants,  but  for  natural  gas  that  contains  about  1 J  pints 
of  gasoline  per  1,000  cubic  feet  is  about  0.03  gallon  of  water  per  1,000 
cubic  feet. 

STEAM    RLQUIREMENTS. 

In  distilling  gasoline  from  t:,e  oil  heat  is  required  for  two  purposes: 
FSist,  to  raise  the  temperature  of  the  oil  and  gasoline  to  the  vaporiza- 
tion point  of  the  gasoline;  and  second,  to  supply  heat  absorbed  by 
actual  vaporization.  Hence  a  knowledge  of  the  specific  heat  of  the 
oil  and  gasoline  and  of  the  latent  heat  of  the  gasoline  is  necessary. 

The  number  of  British  thermal  imits  required  to  raise  the  tem- 
perature of  1  pound  of  a  substance  1*^  F.  is  called  the  specific  heat  of 
the  substance. 

The  heat  absorbed  without  change  of  temperature  during  a  change 
of  state,  as  from  a  solid  to  a  liquid  or  from  a  liquid  to  a  gas,  is  called 
the  latent  heat. 

These  constants  have  not  been  determined  precisely  for  different 
grades  of  gasoline  or  oil,  but  are  approximately  as  follows: 

Latent  and  specific  heatr  of  petroleum  products. <* 


Product. 


Kerosene,  gravity  43*  B . 
Naphtha,  gravit]^  50°  B. 
Gasoline,  gravity  65*  B . 
GasolinB,  gravity  89*  B . 


o  Redwood,  Beverton,  Petroleum,  19X3,  vol.  1,  pp.  219^331. 


Specific 
heat. 


0.499 
.0516 
.569 
.580 


l^ampem- 
tuie. 


lW»  F. 

6 116*  F. 

>70»F. 


Latont 
heat. 


B.Lu 

105.4 
103.5 

100.6 

100:2 


b  Initial  boiling  point. 


In  view  of  the  fact  that  the  exact  constants  for  "mineral  seal  oil" 
and  gasoline  can  not  be  given,  the  best  that  can  be  dolie  is  to  use  for 
''mineral  seal  oil"  the  constants  as  given  in  the  above  table  for  kero- 
sene, and  use  for  absorption-process  gasoline  the  constants  given  for 
89°  B.  gasoline.  With  this  and  other  data  the  heat  required  in  the 
stills  can  be  calculated  as  follows: 

Temperature  of  oil  entering  still,  135®  F. 
Temperature  of  vapors  from  still,  210**  F. 
Temperature  change,  75**  F. 
Specific  heat  of  "mineral  seal  oil,''  0.50. 
Weight  of  '*  mineral  seal  oil,"  7  pounds  per  gallon. 

Heat  required  to  raise  1  gallon,  of   ''mineral  seal  oil"  from  135®  F.  to  210® 
F.=75X.50X7=:262.5  B.  t.  u.  per  gallon. 
Specific  heat  of  gaaoline,  0.58. 
Latent  heat  of  gasoline,  100  B.  t.  u.  per  pound. 
"Weight  of  gasoline,  5.5  poiuids  per  gallon. 
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Heat  xequiied  to  XBiae  temperature  of  geadUne  from  136^  F.  to  210''  F.— 76X0.58X 
5.5-i239.5  B.  t.  u.  per  gallon. 

Heat  required  to  vaporize  ga8olinea«100X5.5«550  B.  t.  u.  per  gallon. 

Hence  the  total  heat  required  to  vaporize  gasoline «550+^.5->789.5  B.  t.  u.  per 
gallon. 

The  authors'  experiments  have  shown  that  the  proper  rate  of  cir- 
culation of  oil  through  an  absorption  plant  at  high  pressures  is  one 
where  the  mixture  of  oil  and  gasoline  does  not  contain  over  4  per 
cent  by  volume  of  gasoline. 

Then  for  each  volume  of  '^ mineral  seal  oil"  the  heat  required  to 
vaporize  the  contained  gasoline  is  0.04  X  789.5 » 31.58  B.  t.  u.,  and 
the  total  heat  required  for  each  gallon  of  ''mineral  seal  oil"  in  cir- 
culation with  its  contained  gasoline  is  262.5 +3 1.58 »  294.08  B.  t.  u. 

Some  of  the  steam  entering  the  still  is  not  condensed  in  the  still 
but  passes  through  to  the  auxiliary  condenser  without  doing  any 
useful  work.  To  cover  this  loss  and  radiation  losses  the  assumption 
can  be  made  that  the  still  has  an  efficiency  of  80  per  cent.  Then  the 
amount  of  heat  required  to  be  delivered  to  the  still  for  each  gallon  of 
''mineral  seal  oil"  circulated  will  be  294.05-^0.80-367.5  B.  t.  u. 

In  practice,  the  steam  used  is  largely  exhaust  steam  from  pumps 
about  the  plant  and  enters  the  still  at  a  i^ressure  of  about  3  pounds 
per  square  inch.  Saturated  steam  at  this  pressure  corresponds  to  a 
temperature  of  21914°  F.,  and  the  thermal  energy  imparted  to*  and 
contained  in  the  steam  in  raising  it  to  this  temperature  from  32°  F. 
is  1,153.1  B.  t.  u.  per  pound.  Condensed  water  leaving  the  still  at 
about  210°  F.  has  a  heat  content  above  32°  F.  of  178  B.  t.  u.  per  pound. 
The  difference  is  975.1  B.  t.  u.  per  pound.    Hence  there  will  be 

required  q^ft  "*  0.377  pound  of  this  exhaust  steam  for  each  gallon 

of  oil  circulated. 

As  stated  above,  this  exhaust  steam  entering  the  still  is  largely 
exhaust  steam  from  pumps  about  the  plant.  It  is  generated  at  a 
pressure  of  about  125  poimds  per  square  inch  to  run  the  pumps. 
The  boiler  feed  water  available  is  the  condensed  water  from  the  stills 
and  the  overflow  from  the  auxiliary  condaisers.  A  feed-water  tem- 
perature of  about  200°  F.  may  be  depended  upon.  The  heat  content 
of  saturated  steam  at  125  pounds  pressure  is  1,192.2  B.  t.  u.  per 
pound,  and  that  of  water  at  200°  F.  is  168  B.  t.  u.  per  pound.  There- 
fore the  available  heat  is  1,192.2- 168»  1,024.2  B.  t.  u.  per  pound 
of  steam. 

One  boiler  horsepower  is  equivalent  to  33,479  B.  t.  u.,  hence 

'  47Q  "  0.0306  boiler  horsepower  is  required  per  pound  of  steam. 

It  follows  that  for  each  gallon  of  "mineral  seal  oil"  circulated, 
0.377  X  0.0306  »  0.01154  boiler  horsepower  will  be  required  per  1,000 
feet  of  gas  treated  per  hour. 
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WATEB  BBQUIBEMBNTB  FOB  ABSORPTION  PLANT. 

The  gasdine  vapor  leaving  the  auxiliary  condensers  has  a  tempera- 
ture of  180^  F.  If  this  vapor  is  cooled  to  60^  F.,  and  the  specific 
heat  of  the  gasoline  is  0.58  and  the  weight  of  1  gallon  is  5.5  pounds, 
the  heat  given  up  in  cooling  is  (180  -  60)  X  0.58  X  5.5 ->  382.8  B.  t.  u. 
per  gallon.  If  the  latent  heat  of  gasoline  is  100  B.  t.  n.,  the  amount 
of  heat  given  up  in  condensing  1  gallon  is  100x5.5—550  B.  t.  u. 
The  temperature  of  the  water  in  the  condenser  ranges  from  60^  to 
80^  F.,  hence  the  amount  of  heat  absorbed  by  the  water  is 
20  X  8.33  ->  166.6  B.  t.  u.  per  gallcm  of  condensing  water.  Therefore 
the  amount  of  water  required  for  each  gallon  of  gasolme  condensed  is 

lAftft —  —  5.6  gallons.    This  water  overflows  from  the  condenser 

box  into  the  auxiliary  cooler  and  is  more  than  enough  for  the  latter. 

WATER  FOR  OIL-COOLINO   COILS. 

The  oil  comes  from  the  heat  exchanger  at  a  temperature  of  approxi- 
mately 135^  F.  and  is  cooled  to  at  least  70^  F.  before  it  reenters  the 
absorber.  The  specific  heat  of  ''mineral  seal  oil"  is  0.50  and  its 
^weight  is  7  pounds  per  gallon.  Hence  the  amount  of  heat  to  be 
extracted  is  (135  -  70)  x  7  X  0.50 »  227. 5  B.  t.  u.  The  temperature 
of  the  water  before  flowing  over  the  cooling  coils  is  60^  F.  and  after 
cooling  is  100^  F.,  therefore  the  amount  of  heat  absorbed  per  gallon 
of  coding  water  is  (100-60)  X  8.333-333  B.  t.  u.  per  gallon,  and 

227  6 
for  cooling  purposes    ^gl    or  0.705  gallon  of  water  is  required  per 

gallon  of  ''mineral  seal  oil''  circulated. 

The  table  foUowing  shows  the  steam  and  water  requirements  for 
abscnption  plants  treating  natural  ^as  containing  varying  amounts 
of  gasoline. 

Suppose  that  the  steam  and  water  requirements  are  wanted  for 
a  high-pressure  absorption  plant  to  treat  60,000,000  cubic  feet  of 
natural  gas  containing  1}  pints  (or  0.1875  gallon)  of  gasoline  per 
1,000  cubic  feet  of  gas.  The  oil  rate  to  use  is  4.60  gallons  per  1,000 
cubic  feet  of  gas  treated,  and  the  boiler  horsepower  required  to  treat 
60,000,000  cubic  feet  per  day,  or  2,500,000  cubic  feet  per  hour,  is 
2,500X0.054  —  135  boiler  horsepower.  The  quantity  of  water  for 
the  plant  is  4.35X60,000-261,000  gallons  per  24  hours. 

It  is  best  to  increase  the  calculated  values  as  given  by  the  authors 
by  20  per  cent,  and  to  install  double  this  boiler  capacity  to  permit 
cleaning  the  boilers  without  shutting  down  the  plant. 
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Quantities  of  $team  and  water  required  per  l/)90  cubic  feet  of  (fas  treated  by  abec^ption 

plant  at  high  pressures. 


Steam  for  diBUUatton. 

W»tompplyj» 

Bofler 

Yield  of 

Ofldr- 

hona- 

Con- 

Oil 

088 

TotaL 

gasoUxM. 

0«l»Ud. 

powtr- 
Dours. 

dflOMIS. 

codtor. 

oooter. 

vMIM^t* 

MtaM 

OsOaHS, 

0«llO|M. 

CWUsu, 

OflltoM. 

0.0635 

1.56* 

0.018 

a35 

1.1 

0.01 

1.46 

.125 

3.10 

.036 

.7 

3.3 

.02 

2.93 

.1875 

4.69 

.064 

1.05 

3.3 

.03 

4.35 

.tfO 

6.26 

.072 

1.4 

4.4 

.04 

6u84 

.375 

0.40 

.100 

2.1 

6.6 

.06 

8.76 

.60 

12.5 

.144 

2.8 

&8 

.08 

11.68 

.625 

15.6 

.180 

3.5 

11.0 

.10 

14.6 

.75 

18.75 

.216 

4.3 

13.3 

.12 

17.53 

1.00 

25.96 

.2881 

5.6 

17.6 

.16 

28.36 

1.50 

37.50 

.433 

8.4 

26.4 

.24 

35.04 

1.75 

43.75 

.505 

0.8 

3a8 

.28 

40.88 

2.00 

50.0 

.5n 

11.2 

36.3 

.» 

46.73 

3.00 

75.0 

.865 

16.8 

52.8 

.48 

70.08 

4.00 

100.0 

1.154 

22.4 

70.4 

.64 

93.44 

5.00 

125.0 

1.443 

28.0 

88.0 

.ao 

116.8 

a  IndndeB  water  for  eooUai^oomprwsed  sues  from  weathering  tank  and  still. 
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An  interesting  possibility  lies  in  the  appIica4iion  of  the  absorption 
process  to  easing-head  natural  gas  that  is  at  present  being  treated  or 
can  be  treated  by  compression-and^condensation  methiods.  To  gain 
information  on  this  point  the  authors  made  some  tests  with  a  small 
absorption  plant  of  casing-head  gas  at  a  compression  and  condensa- 
tion plant  near  Charleston,  W.  Va.  In  this  compressor  plant  the 
natural  gas  is  withdrawn  from  the  oil  wells  under  a^piressure  of  about 
17  inches  of  mercury,  absolute  (about  8.3  pounds  per  sqiuu^  inch), 
and  is  delivered  at  about  atmospheric  pressure  to  a  compressor,  where 
it  is  compressed  at  a  pressure  of  about  30  pounds  per  square  inch. 
The  gas  is  cooled,  the  condensate  removed,  and  is  then  compressed  in 
the  highnstage  compressor  at  a  pressure  of  about  ISO  pounds  p^ 
square  inch.  Next  the  gas  is  passed  through  water-cooled  tanks  to 
the  accumulator  tanks,  where  the  condensate  is  drawn  o£F.  The 
residual  gas,  which  leaves  the  high-stage  accumulator,  at  a  pressure  of 
about!  10  pounds  per  square  inch,  is  sold  to  a  natural  gas  company. 

DATA   ON   COMPRESSION  PLANT  PRACTICE, 

Data  obtained  by  the  authors  for  a  24-hour  run  on  the  compression 
plant  follows : 
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Data  on  compression  plaint  near  Charleston^  W,  Va. 

Amount  of  natural  gas  used cubic  feiet. .  378, 000 

Higfarprcasure  accumulator  tank: 

Pressure  in  tank ^..poundB  per  equareinch. .  180 

Yield  of  gasoline .gallons. «  1, 714 

Gravity  of  gasoline ®  B..  92 

Vapor  tension  of  gasoline  at  100**  F i)ound6  per  square  inch . .  23 

IjOW-pressiu^  accumulator  tank: 

FiesBureintank do.,..  30 

Yield  of  gasoUne .gallons. .  170 

Gravity  of  gasdine °  B...  750 

Vapor  pressure  of  gasoline  at  100®  F pounds  per  square  inch . .  SJ 

Total  yield  from  accumulator  tanks gallons. .  1, 884 

Gasoline  in  stock  tanks  after  reduction  of  pressure  and  after  weathering: 

Yield gallons..  934 

Specific  gravity **  B . .  87. 4 

Vapor  tension  at  100**  F pounds  per  square  inch. .  13 

Yield  in  accumulator  tanks  per  1,000  cubic  feet  of  gas gallons. .  4.  98 

Yield  after  ' '  weathering  "  in  stock  tanks  per  1 ,000  cubic  feet  of  gas.  do 2. 47 

The  last  figure,  2.47  gallons  of  gasoline  per  1,000  cubic  feet  of  gas, 
represents  the  quantity  of  gasohne  actually  sold  from  the  comppessor 
plant.  In  other  words,  there  was  a  weathering  loss  of  1,884  —  934  = 
950  gallons,  or  50.4  per  oent. 

Tests  of  the  weathered  gasoline  from  the  stock  tanks  showed  that 
further  ^'weathering"  to  reduce  the  vapor  pressure  to  9  pounds  per 
square  inch  resulted  in  an  additional  loss  of  15  per  cent  in  volume  and 
reduced  the  gravity  to  86.7**  B.  Therefore  the  production  of  gasoline 
having  a  vapor  pressure  of  9  pounds  per  square  inch  was  2.1  gallons 
of  gasoline  per  1,000  cubic  feet  of  natural  gas  treated  in  the  plant, 
and  the  entire  ^'weathering"  loss  to  produce  gasoline  of  9  poimds 
vapor  pressure  was  57.9  per  cent. 

TESTS  BT  ABSOBFTION  PROCESS. 

The  first  tests  the  authors  conducted  on  casing-head  natural  gas^ 
using  the  absorption  process,  were  with  a  small  absorber  somewhat 
similar  to  that  shown  in  figure  2  (p.  19),  except  that  it  wa^  sur- 
rounded with  four  coils  instead  of  one  coil,  and  the  gas  passed  through 
each  of  these  coils  successively.  Also  the  absorber  was  of  larger 
capacity,  holding  about  4,000  c.  c.  of  oil,  whereas  the  one  illustrated 
in  figure  2  held  about  1,700  c.  c.  This  reconstruction  was  necessary 
because  casing-head  natural  gas  is  much  richer  in  gasoline  than  the 
"dry"  natural  gas  with  which  the  absorber  shown  in  figure  2  was 
used,  hence  more  absorbing  oil  had  to  be  used  and  longer  contact 
provided  between  the  oil  and  gas. 

In  some  of  the  tests  with  the  small  absorber,  the  gas  was  used 
after  it  had  passed  through  the  low-stage  compressor  of  the  com- 
pression plant  and  before  it  had  been  cooled  and  gasoline  condensed 
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out  of  it.  Other  testa  wore  made  of  residual  gas  from  the  compression 
plant  to  determine  if  more  gasoline  could  be  ^tracted  from  the  gas 
after  the  compression  plant  had  operated  on  it.  Table  5  following 
shows  the  results  of  these  tests. 

Test  1  was  made  of  fresh  casing-head  natural  gas  at  the  plant 
near  Charleston,  W.  Va.,  where  the  tests  described  on  page  52  wrae 
conducted.  Test  2  was  made  of  residual  gas  from  the  same  plant 
after  gasoline  had  been  ^tracted  from  it  by  the  compression  method. 
Tests  3  and  4,  which  were  conducted  in  the  same  manner  as  tests  1 
and  2,  were  made  at  another  compression  plant  situated  near 
Charleston,  W.  Va. 

Tabls  5. — Remdtt  o/teiti  of  caaing-head  gat  wUh  amaU  ahaorher. 


Soufosof  (M. 


CompraHiaa  pfattit 
No.  1. 


C«.pjjj^pl^ 


T^rtNo.. 


used.  *B 


Specific  gnvlty  of  "mineral  seal  oil " 

VobmBoroOiisedyC.  c 

Oas  presBure  on  aworbor.  poondi  per  square  inch. 

OaaooosamediOablDtBat. 

Liquid  raoovarod: 

Volaine,e.o 

Gravity, 'B 

Tempenture,  *  F 

Absorption  percentage 

Increase.  CO 

Volume  Increase,  per  cent 

Sample  for  distaiatlan,e.e 

Temperature  of  oondsnsery*  F 

nistillata,  c.  c 

Gasoline  extracted  during  test,  c.  c 

Qrarity  of  gasoline,  *B , 

Oitfolfae,  gallons  per  1,000  cubic  ftaet  of  gas , 


Fresh 
gas. 


4,100 
32 


4,775 

7D 

4.8 

075 

16.5 

»1 

50 

aB.5 

230.5 


&43 


Bflsidual 
gas. 


4,100 
182 


&.0 
68 

as 

216 

&5 

541 

50 

2.8 

2L4 

86.0 

ao7 


FMb 
gas. 


4,100 


4,685 

88L5 

77 

4.0 


13.0 

464 

50 

28.0 
230 


143 


Residnal 


4,100 
121 


4.450 

37.0 
77 


8.1 


50 

7.0 
5ft 

86.0 
a  18 


Test  1  showed  that  2.43  gallons  of  gasoline  could  be  extracted  by 
absorption  methods  from  the  fresh  casing-head  gas  used  at  the  first 
plant,  under  a  pressure  of  32  pounds  per  square  inch  and  an  oil 
temperature  of  70^  F.,  as  compared  with  2.47  gallons  of  salable  gaso- 
line extracted  by  the  compression  and  condensation  method.  The 
residual  gas  from  this  compression  plant  (test  2)  yielded  only  0.07 
gallon  of  gasoline  per  1,000  cubic  feet  of  gas.  In  other  words,  the 
compression  plant  had  extracted  practically  all  of  the  gasoline  from 
the  gas,  so  nothing  was  gained  by  treating  the  residual  gas  from  the 
compression  plant  by  the  absorption  method. 

The  casing-head  gas  used  at  the  second  plant  yields  by  the  com- 
pression and  condensation  method  the  same  amount  of  gasoline  as 
that  used  at  the  first  plant.  The  same  amount  of  gasoline  was  pro- 
duced (test  3)  from  it  by  the  absorption  method  as  from  the  gas  used 
at  the  first  plant.    The  yield  of  gasoline  obtained  from  the  residual  gas 
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by  the  absorption  method  was  slightly  larger  than  that  obtained  by 
treating  the  residual  gas  from  the  first  plant;  being  0.18  gallon  per 
1 ,000  cubic  feet  of  gas^  or  72  gallons  per  400,000  cubic  feet  of  gas 
treated.  It  is  believed,  however,  that  with  more  efficient  operation 
of  the  compression  plant  even  this  quantity  could  not  be  obtained. 
In  other  words,  it  seemed  scarcely  worth  while  to  treat  residual  gas 
from  these  two  compression  and  condensation  plants  by  the  absorp- 
tion method.  However,  at  some  compression  plants  the  extraction 
is  not  nearly  so  complete. 


EXPERIMBNTS   WrTH   LABGEHSCALB  ABSORFTION  PLANT. 

Experiments  with  the  casing-head  natural  gas  treated  at  the 
first  compression  plant  described  above  were  made  with  a  large- 
scale  absorption  plant  similar  to  that  shown  in  figure  3.  The  natural 
gas  was  compressed  to  a  pressure  of  20  to  29.2  poirnds  per  square 
inch  in  the  low-stage  compressor  and  then  passed  through  the 
absorption  plant.  In  only  one  case  was  the  gas  cooled  after  leaving 
the  compressor  and  before  entering  the  absorber.  The  results  of 
these  tests  were  as  follows: 

Tabub  6. — Re9ulta  of  tests  of  casinff-kead  ga»  irith  large-^eale  abwrption  plant. 


of  |M,  poondf  per  «|iiarB  liich.  • . 

Bate  of  s»s  flow,  cabfc  feet  per  hour 

Bats  of  ofl  flow  per  1,000  cable  leet  of  pa, . 

Yield;  gatlooa  per  1,000  cubic  feet 

fi^odncgraTttjrof  snaoUiie,  *B 


Teetl. 


24 

5,000 

28.6 

L60 

82 


Teet2. 


20 

5.100 

83.6 

L09 

83 


TeetS. 


5.000 

45.6 

LOl 

84 


Teet4. 


28 

5,400 

88 

1.00 
82 


Teet5. 


29.2 
8,300 

4a2 

«1.91 

80 


TeetO. 


28 
2,800 

50 
»2.24 


Nor.— Oil  enterins  tank  was  warm,  owing  to  the  fact  that  the  oil  abeorbed  heat  from  the  pm, 
«  After  peering  cooler. 
»  Made  on  ramy  day;  ratal  lowered  temperature  of  abeorblng  ofl. 

It  wiU  be  observed  that  the  yield  of  gasoline  increased  as  the  rate 
of  oil  flow  was  increased  and  the  rate  of  gas  flow  was  diminishedi  and 
that  the  largest  yield  was  obtained  with  an  oil  flow  of  59  gallons  per 
1;000  cubic  feet  of  gas  treated  and  a  gas  flow  of  2,800  cubic  feet  per 
hour.  This  yield  is  not  quite  as  large  as  that  obtained  by  using  the 
small-scale  absorber  (see  Table  5),  but  undoubtedly  if  the  gas  had  been 
cooled  before  it  entered  the  absorber,  and  closer  adjustments  of  oil 
and  gas  flow  had  been  made,  a  larger  yield  could  have  been  obtained 
with  the  large-scale  absorption  plant. 

Experiments  were  also  made  with  the  large-scale  absorption  plant, 
using  residual  gas  from  compression  plant  No.  2,  for  comparison  with 
the  results  of  tests  3  and  4,  shown  in  Table  5,  which  were  made 
with  a  small  absorber. 

The  oil  circulation  in  these  large-scale  tests  of  residual  gas  varied 
between  2  and  16  gallons  per  1,000  cubic  feet  of  gas  treated.  The 
gravity  of  the  oil  after  passing  through  the  absorber  was  46^  B.,  as 
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compared  to  an  original  gravity  of  36^  B.  The  rate  of  flow  of  the 
gas  through  the  absorber  was  approximatelj  10,000  cubic  feet  per 
hour  at  a  pressure  of  1 10  pounds  per  square  inch.  The  gasoline  re- 
covered had  a  gravity  of  86^  B.  and  was  not  obtained  in  commercial 
quantities.  Large  volumes  of  gas  were  absorbed  by  the  oil  that 
upon  distillation  could  not  be  condensed  at  the  temperature  of  the 
coolmg  water  (64°  F.). 

These  large-scale  tests  bear  out  the  results  obtained  with  the 
small  absorber,  namely,  that  no  additional  gasoline  could  be  obtained 
by  treating  the  residual  gas  from  the  compressor  plant  by  the  oil 
absorption  process. 

EVAPORATION    TESTS. 

Evaporation  or  * 'weathering"  tests  that  were  made  of  the  gaso- 
line obtained  from  the  largo  absorption  plant  and  compression  plant 
No.  1  are  shown  in  Table  7  following: 

Table  7. — Comparative  evaporation  tests  of  gasoline  Jrom  compression  and  absorption 

plants. 


Source  oX  gasoUne. 


Test  No. 


Size  of  cylinder  teste  were  made  in,  c.  c. 

Duration  of  test,  hours 

Gravity  at  beKinning  of  test,  'B.' 

Gravity  at  end  of  test,  *B.' 

Total  loss,  per  cent 

Rate  of  loss  per  hour,  per  cant 

Temperature  of  air,  *F 


Absorp- 
tion 
plant. 


500 

8 
84.4 

81.8 
15 
1.9 
49 


Absorp- 

Uon 
p1ant.« 


Low-pres- 
sure accu- 
mulator 
tank  of 
compresskm 


500 

84 

84 
12 
2.3 

74 


press] 
Aant. 


3 


500 

6 
77 
72.8 
18 

3 
46 


Hlgh-prea- 
sure  accu- 
mulator 
tank  of 
compression 
p>iaat. 


1,000 
Above  92] 


44 

17.  G 
46 


Stock 
ta;ik.» 


1,000 
6 

Above  92 
86 
40 
6.7 


Stock 
tank.fr 


1,000 

6 

Above  02 

86 

40 

6.7 


o  Placed  near  steam  coil  to  hasten  evaporation. 

b  After  45.5  per  cent  loss  in  transferring  gasoline  from  accumulator  tank  to  stock  tank. 

The  more  stable  character  of  the  gasoline  produced  by  the  absorp- 
tion process  is  brought  out  by  the  forgoing  evaporation  tests. 
Tests  2  and  3  can  be  compared  with  tests  5  and  6,  for  they  show  the 
results  of  evaporating  or  '*  weathering"  the  final  product  obtained 
by  both  processes.  The  average  rate  of  loss  per  hour  was  over  twice 
as  great  in  the  case  of  the  gasoline  obtained  by  the  compression 
method. 

VAFOE-PBESSITKE  TEBTS. 

Table  8  shows  the  results  of  comparative  tests  of  vapor  pressures 
of  gasoline  obtained  by  the  compression  method  and  by  the  absorp- 
tion method. 
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Tamlm  8.— iieniAt  c/  vapor-freMtttre  ietU  of  goKlint  made  hy  dbtorpiwn  and  hy  com- 

pretsion  methods. 


Soiitoe  of  gasoline. 

Absorp- 
tion plapiiA 

Com- 
pression 
plant.» 

Com- 
pression 
plant.e 

Com- 
pression 
plant.c 

TMfcNo. 

1 

S 

3 

4 

Gravity  olgMoltaM,  "B/ 

86.3 

n 

10 

S7.4 

93 
17 
30 

n 

75 

Vapor  pressure  »t70*F.,  pounds  per  aquan  inch 

Vapor  pressure  afW*  F..  pounds  per  square  Inch 

Vapor  pressure  at  100*  F.,  pounds  per  square  inch 

9 

*  Beiore  weatheruii^. 

h  After  weatlMrinK  and  ready  for  shipment. 


'  Product  from  hish^ressnre  aMtimnlator  taok. 


The  results  of  these  yapor-pressure  tests  show  a  marked  difference 
between  the  vapor  pressure  of  absorption-prooesB  gasoline  and  that 
of  gasoline  made  by  the  cominression  process.    The  former  did  not 
exert  as  much  pressure  before  ''weathering"  as  the  latter  did  after 
nveathering.    It  is  well  to  call  attention  at  this  p<nnt  to  the  reason  for 
this  difference.    In  a  compression  plant  a  certain  pressure  and  tem- 
perature will  be  foimd  b j  experience  to  produce  the  maximum  yield 
of  salable   gasoline,  but   in   obtaining  this   gasoline  no  selective 
pressures  and  temperatures  can  be  applied  that  will  produce  solely 
vapors  of  the  kind  desired — ^that  is,  gasoline  just  ri^t  for  shipping 
and  consumption.    Instead,  some  of  the  butane  (gas  at  ordinary 
temperatures)  is  liquified  and  other  paraffin  gases,  such  as  propane, 
ethane,  and  even  methane,  are  dissolved  in  the  liquid  produced. 
Hence,  the  condensate  evaporates  rapidly  when  exposed  to  the  air, 
largdy  because  of  the  escape  of  the  liquified  and  dissolved  gases. 
These  gases  also  exert  high  vapor  pressures,  as  shown  by  the  curves 
in  figure  16,  plotted  from  data  obtained  in  experiments  by  the  senior 
author. 

On  the  other  hand,  gasoline  made  by  the  absorption  process  under- 
goes a  selective  action  in  the  process  of  distilling  the  gasoline  from 
the  absorbed  oiL  The  temperattures  employed  in  the  condenser  are 
not  low  enough  to  liquify  the  evolved  gases — ^butane,  propane,  ethane, 
and  methane — Whence,  most  of  the  condensate  produced  consists  of 
those  constituents  that  are  f  aiily  stable  at  ordinary  temperatiures. 

However,  as  mentioned  on  page  4&,  those  uncond^ised  vapors  that 
escape  from  the  still  can  be  compresaed  and  condensed,  yielding  gaso- 
line of  high  vapor  pressure  and  high  rate  of  evaporation. 

CX>HFABISON  OF  OOMPBBSSION  HBTHOD  AND  ABSOBPTION  MSTHOD  AB 

THE  KBSULT  OF  FORBGOIKO  TESTS. 

In  summing  up  the  results  of  these  comparative  tests  of  the  com- 
pression and  absorption  methods  as  applied  to  casing-head  gas,  it 
can  be  stated  that  approximately  as  much  gasoline  can  be  obtained 
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by  the  absorption  method  st  a  pressure  of  about  25  pounds  per 
square  inch  as  by  the  compression  method,  and,  further,  a  product 
of  lower  Tapor  pressure  and  lower  rate  of  evaporation  can  be  obtained. 
One  important  point,  however,  has  to  be  considered,  namely,  that  at 
many  compreesion  plants  the  residual  gas  is  disposed  of  by  forung  it 
into  natural-gas  lines  at  pressures  higher  ihaa  25  pounds  per  square 
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inch,  being  110  pounds  per  square  inch  in  the  case  of  the  compression 
plant  herein  described.  H^nce  a  compressor  is  needed.  As  the  com- 
pressor with  a  gas  engine  for  driving  it  is  the  most  expensive  part  of  a 
compressor  plant  and  is  necessary,  it  would  be  out  of  the  question  to 
install  an  absorption  plant  instead  of  the  compression  outfit,  if  the  re- 
sidual gas  has  to  be  pumped  into  a  natural-gas  line  at  bigh  pressures. 
Moreover,  the  authors  believe  that  the  cost  of  operating  an  absorption 
plant  is  greater.     The  great  value  of  the  application  of  the  a^^rptioQ 
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process  to  casmg-bead  gas  lies  in  the  fact  that  billions  of  cubic  feet 
of  this  gas  will  be  available  for  treatment  that  is  too  lean  for  treat- 
ment by  compresaion  and  condensation.  The  significance  of  this 
statement  lies  in  the  fact  that  the  amonnt  of  lean  casing-head  gas 
produced  is  much  larger  than  the  amount  of  rich  gas — gas  contain- 
ing 1.5  or  more  gallons  of  gasoline  per  1,000  cubic  feet — that  can  be 
treated  by  compression  and  condensation. 

APPUOATION  OF  AB80BPTI0K  PBOCE88  TO  QAS  FBOH  OIL 
WELLS  PaOPXJOINQ  FBOH  A  SAND  INTO  WHICH  AIB  HAS  BBBN 
JPUMFJfiJ>  Xm>MR  PBSSSUBS. 

A  promising  field  for  the  absorption  process  lies  in  the  treatment  of 
gas  from  oil  weUs  where  compressed  air  has  been  forced  into  some  of 
the  oil  wells  on  a  lease  for  the  purpose  of  increasing  the  production  of 
oil  from  the  other  wells.  The  process  consists  of  pmnping  compressed 
air  into  several  wells  on  a  lease,  thus  forcing  more  oil  from  that  pro- 
ducing stratum  into  and  out  of  other  weUs  which  are  pumped  than 
could  otherwise  be  obtained.  Old  oil  wells  are  treated  by  this 
method. 

Messrs.  Smith  &  Dunn,  of  Marietta,  Ohio,  have  successfully 
installed  compressor  plants  at  such  wells  in  southeastern  Ohio  and 
northern  Pennsylvania.  On  one  property  they  report  an  increase 
from  4^  barreb  to  32^  barrels  per  day;  on  another,  from  22  to  70; 
and  on  a  third,  from  17  to  32. 

The  air  in  passing  through  the  oil  sand  picks  up  and  carries  with  it 
some  of  the  lighter  constituents  of  the  oil,  that  is — gasoline. 

Of  course  a  certain  amount  of  the  natiu'al  gas  in  the  strata  mixes 
with  and  emerges  with  the  air  and  gasoline.  The  authors  obtained 
information  regarding  the  amount  of  gasoUne  carried  by  the  mixtures 
as  they  flowed  irom  different  oil  wells  by  collecting  several  samples 
and  analyzing  them.  The  results  of  three  t3rpioal  analyses  are  shown 
in  Table  9  following. 

Tabls  9. — Analyiei  o/mixture$  o/mr  and  natural  gas  from  oil  wells. 


CoOStitOMlt. 


Owbon  dioxide  (COt) percent. 

OzvgnCOs) , do... 

Ntraralgu do... 

NltroMn(N«) do... 

GftsoimA pints  periiOOOeabio  feat  of  gu. 


Sample  1. 


a20 
I&IO 

r.2 

74.50 
4.6 


Sample  3. 


1&40 

lae 

73.80 
7.8 


Samples. 


1.00 

16.  ao 

13.80 

7a  00 

6.0 


Sample  No.  1  represents  about  135,000  cubic  feet  of  gas.  Sample 
No.  2  represents  about  75,000  cubic  feet  of  gas  issuing  from  12  wells. 
Sample  No.  3  represents  25,000  cubic  feet  of  gas  from  1  well. 

It  will  be  observed  that  the  gasoline  content  ranges  from  4  6  to 
7.3  pints  per  1,000  cubic  feet  of  gas. 
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ABflQKFTIOK  OF  QABOLOm  WITH  KAVHTEiL  AVD  79TSOIJSU1C 

DISTILLATB. 

In  the  tests  heretofore  described  the  natural  gas  was  passed  throng 
only  one  kind  of  absorbing  oil  and  then  the  absorbed  gasoline  urss 
separated  from  the  oil  by  distillation  with  steam.  In  tests  with 
''mineral  seal  oil/'  made  with  the  small  absorber  shown  in  figure  2, 
the  yield  from  ''line  L"  gas  by  this  process  was  about  1.2  pints  of 
gasoline  per  1,000  cubic  feet  of  gas,  and  from  "low  field"  gas,  about 
1.8  to  1.9  pints  of  gasoline. 

In  using  the  "mineral  seal  oil"  as  the  absorbenti  it  was  found  that 
the  increase  in  volume  of  the  oil  after  natural  gas  had  been  passed 
through  it  did  not  correspond  with  the  quantity  of  gasoline  subse- 
quently obtained  from  the  oil  by  distillation.  This  was  dlie  to  the  fact 
that  a  considerable  quantity  of  the  lighter  hydrocarbons  was  absorbed 
from  the  natural  gas  and  increased  the  volume  of  the  oil,  but  escaped 
as  a  gas  when  the  oil  was  subjected  to  distillation  to  obtain  the 
absorbed  gasoline. 

As  this  loss  of  material  appeared  to  be  considerable,  an  absorbent 
was  sought  that  would  result  in  these  lighter  hydrocarbons  being 
saved.  Therefore  several  tests  were  made  in  which  natural  gas  was 
successively  passed  through  three  small  absorbers,  of  the  type  shown 
in  figure  2 ;  naphtha,  having  a  specific  gravity  of  55^  B.,  was  used  in 
the  first  and  second  absorbers  and  "mineral  seal  oil"  in  the  third 
absorber.  The  object  was  to  absorb  most  of  the  gasoline,  including 
the  lighter  hydrocarbons,  with  naphtha  in  the  first  two  absorbers 
and  the  rest  of  the  gasoline  with  "mineral  seal  oil." 

RESTTLTS  OF  TESTS. 

The  results  of  these  tests,  which  were  made  on  "line  L"  gas  are 
shown  in  Table  10  following: 
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Tablb  10. — Results  of  aOraeiing  ffa&Qlinsfr^m  natutal  aas  by  passing  it  through  Timphtha 

(md  *^  mineral  seal  oil, 

|*'IJDe  L"  gas  wa9  used  in  thne  tests.    The  cas  was  passed  tbroufh  three  absorbers  hi  series,  the  first 

and  second  contadnlDf  naphtha  and  the  thlrdj  "  mukeraJ  seal  oU.'') 


Item. 


AbsorbcBtasad. 


Specific  gravfty  of  absorbent, 

•B 

Piea^ire  on  gas,  pounds  per 

Bttiiaiainch. 

Rate^  gas  flow,  cable  feet 

•perhoor. .— 

Oas  used,  cubic  feet 

OilQMd^ae. 

Oil  recoyerad)  c.o 

Specific  ntKfVtf  of  liQuld 

recovered,*  B 

Temperature  of  liquid  in  ab- 

sorbw.  •  F*. , . . ;. 

Inawaeain  llqiad  in  absorber, 

C.C 

QiMuUty  of  aampla  taksn 

for  distillation,  C.C 

AMMOit  of  gsAjiine  dJfltlfled 

from  sample,  cc 

TMd  of  Rasoune,  pints  per 

IfOOO  cubic  feet  of  gas...., 


Total  yield,  pints  per  1/XK> 
cubic  feet  Of  gas 


Testl. 


First. 


Napb. 
tba. 


53.5 
235 

50 

aoo 

1.750 
1,950 

51.5 

•    27 

200 


SeoQtkd 


Napli- 
tha. 


53.5 


59 
200 

1,500 
1,540 

00.0 


140 


2.114       1.480 


9.S2 


Third. 


eralseal 
oa" 


32.5 

235 

50 
200 

1,500 
1,555 

37.7 


05 
500 

7 
.23 


Test  2. 


First. 


Naph- 
tha. 


55.5 
230 

55 

105 
1,750 
1,925 

50.0 

19 

175 


3.53 


Second 


Naph- 
tha. 


55.5 

230 

55 

105 

1,500 

1,500 

58.0 

19 

eo 


1.21 


Third. 


"Mfai 

eralseal 

oiL" 


34.2 

230 

35.3 

106 

1,500 

1,510 

30.3 

10 

10 

508 

2 

.12 


4.85 


Tttt3. 


First. 


Naph- 
tha. 


55.5 

285 

180 
200 

1,750 
1,860 

68.2 

54 

100 


1.06 


Seeond 


NaplF 
tha. 


55.5 

235 

180 

200 

1,500 

1,655 

57.8 

54 

55 


.58 


X41 


Third. 


eralstal 


oil. 


I* 


33.0 

235 

180 

200 

1,500 

1,500 

36.2 

eo 

100 
533 

25 

.77 


Item. 


JLbsorber. 


Absorbent  used. 


Bpedfle  gravity  of  absorbent, 

•B 

Pressure  on  gas,  pounds  per 

square  inch 

Kate  of  gas  flow,  cubic  feet 

per  hour 

du  used,  cubic  leet 

Oil  used,  0.0 

OO  recoveced,  c.  e 


Spedfle  gravity  of  liquid 
recovered,  •» 

Temmratareof  liquid  in  ab- 
soTDer,  •  F 

merease  in  liquid  in  absorber, 

CO 


Quantity  of  sample  takta 
for  distillatioD.  c.  c 

AmooBft  of  gasoune  dittHed 
from  sample,  c.  o 

Yield  of  gasoline,  lints  per 
1,000  ouDio  feet  of  gas 


Total  yield,  pints  per  1,000 
cubic  feet  of  gas. 


Test  4. 


First. 


Naph- 
tha. 


55.5 
235 

54 

217 
1,750 
2,040 

62.0 

28 

290 


Second. 


Naph- 
tha. 


55.5 


64 

217 
1,500 
1^600 

58.6 

28 

100 


Third. 


''Min- 
eral seal 
OIL" 


34.2 
235 

54 

217 
1,500 
1,560 

36.1 

26 

60 

520 

7 

.21 


Test  5. 


First. 


Naph- 
tha. 


56.5 

235 

180 

100 

1,750 

1,810 

57.3 

60 

60 


Second. 


NajA- 
tha. 


"Min- 
eral seal 
OiL" 


55.5 

235 

UO 

100 

1,500 

1,535 

56.8 

60 

25 


Third. 


34.3 
835 

180 

100 
1,600 
1,560 

35.9 

66 

60 

530 

10 

1.01 


Test  ft. 


Fhst. 


Naph- 
tha. 


55^0 

285 

50 

202 

1,750 

2,030 

6a9 

18 

270 


Second 


Naph- 
tha. 


"Min- 
eral seal 


6&0 

235 

56 

202 

1,500 

1,505 

58.9 

18 

95 


Third. 


OiL 


tt 


34.2 
235 

56 

202 
1,500 
1,530 

36.1 

18 

30 

500 

5,0 
.17 
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ooMicEirro  ON  tests. 

It  will  be  observed  that  the  gasoline  extracted  from  the  natural  gas 
that  was  passed  through  naphtha  amounted  to  4.86  gallons  per 
1,000  cubic  feet  of  gas  in  the  case  of  one  test.  The  lowest  yield  was 
2.41  gallons.  The  increase  in  yield  over  the  oil  absorption  and  distil- 
lation method  varied  between  300  and  500  per  cent. 

In  test  1  the  specific  gravity  of  the  naphtha  was  raised  from  53.5^ 
to  61.6^  B.  in  the  first  absorber  and  to  60°  B.  in  the  second  absorber. 
The  increase  in  volume  of  the  naphtha  in  the  first  absorber  was  200 
c.  c.y  or  11.5  per  cent,  and  in  the  second  absorber,  140  c.  c,  or  about 
9.3  per  cent. 

The  greatest  increase  in  volume  and  specific  gravity  of  the  naphtha 
was  obtained  in  the  first  absorber  in  test  4.  The  specific  gravity  of 
the  naphtha  was  raised  from  55.5°  to  62°  B.  and  the  increase  in 
volume  was  290  c.  c,  or  about  16.6  per  cent.  The  temperature  of 
the  naphtha  was  28°  F. 

The  vapor  pressure  of  the  naphtha  product  in  the  first  absorber, 
test  4,  was  5  pounds  per  square  inch  at  1()0°  F.,  and  the  evaporation 
or  weathering  loss  was  5  per  cent  in  24  hours.  During  this  weaidier- 
ing  test  the  temperature  of  the  gasoline  rose  from  54°  to  64°  F.;  the 
temperature  of  the  room  changed  from  56°  to  64°  F.  The  tempera- 
ture of  the  naphtha  had  much  effect  on  the  results  of  the  tests.  The 
highest  yield  was  that  shown  in  test  2,  in  which  the  temperature  of 
the  naphtha  was  19°  F.  This  test  was  conducted  in  the  open  air  on 
a  cold  winter  day.  However,  even  at  a  temperature  of  60°  F.  as 
much  as  3.07  pints  of  gasoline  per  1,000  cubic  feet  of  gas  was  obtained. 
Test  6  is  instructive  in  that  the  vapor  pressure  of  the  reetdting; 
naphtha  in  the  first  and  second  absorbers  was  14  pounds  per  square 
inch  at  100°  F.,  which  exceeded  that  prescribed  for  gasoline  to  be 
shipped  in  tank  cars. 

In  summing  up  the  results  of  these  tests,  as  regards  the  use  of 
naphtha  as  an  absorbent  for  extracting  gasoline  from  natural  gas,  it 
may  be  stated  that  a  greater  yield  can  be  obtained  than  by  using  the 
oil  absorption  and  distillation  process,  as  much  as  300  per  cent  greater 
at  ordinary  temperatures  and  400  to  600  per  cent  greater  if  tempera- 
tures as  low  as  18°  to  19°  F.  are  employed.  A  further  advantage  lies 
in  the  fact  that  the  resulting  naphtha  with  its  absorbed  gasoline  does 
not  have  to  be  subjected  to  distillation  to  obtain  the  gasoline  but  can 
be  sold  as  prepared. 

An  objection  to  the  use  of  naphtha  as  an  absorbent  is  that  an 
excessively  large  amoimt  of  naphtha  would  have  to  be  handled  in 
largCHscale  operations.  In  using  ''mineral  seal  oil"  U^  same  oil 
can  be  used  over  and  over  again  with  but  slight  loss,  whereas  the 
naphtha  is  not  used  again  and  would  have  to  be  constantly  renewed. 
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As  praviously  stated,  the  greatest  incacease  in  Tohime  of  the  naj^tha 
*wa8  16.6  per  cent,  in  test  4.  This  mLxture  contained  about  six  to 
seven  times  as  much  naphtha  as  gasoline,  so  that  for  each  tank  of 
gasohne  extracted  from  the  natural  gas  there  would  be  needed  six  or 
seven  tanks  of  naphtha.  The  naphtha  should  not  be  permitted  to 
&l)6orb  too  much  gasoline,  as  the  vapor  pressure  of  the  resulting 
mixture  would  exceed  the  limit  (10  pounds  per  square  inch  at  100^  F.) 
set  for  the  transportation  of  gasoline  in  tank  cars. 

If  an  absorption  gasoline  plant  could  be  located  at  or  close  to  a 
refinery  where  a  large  supply  of  naphtha  was  available,  the  difficulty 
flUid  trouble  of  transporting  large  quantities  of  naphtha  into  the 
absorption  plant  would  be  largely  overcome,  but  in  most  and  pdiiaps 
all  cases  this  is  not  feasible. 

The  problem  may  be  considered  as  follows:  By  the  oil-4ibsorption 
process  there  is  obtained  one-third  as  much  gasoline  as  by  the  naphtha 
process.  If  ohe  tank  car  (10,000  gallons)  of  this  gasoline  sells  for, 
8ay,  about  20  cents  per  gallon,  or  $2,000,  three  tanks  will  sell  tor 
$6,000,  or  an  increase  of  $4,000.  But  in  ordw  to  obtain  this  increase 
of  $4,000  about  seven  tanks  of  naphtha  wotdd  have  to  be  brought  to 
the  absorption  plant — ^that  is,  seven  times  as  much  naphtha  would 
have  to  be  handled  as  the  gasoline  extracted. 

The  authors  have  learned  recently  of  an  apparently  successful  use 
of  naphtha  as  an  absorbent  for  gasoline  in  waste  gases  from  a  com- 
pression, plant  treating  casing-head  gas.  It  so  happens  that  the 
owner  of  the  compression,  plant  also  has  interests  in  a  near-by  re- 
finery, so  that  the  requisite  amount  of  naphtha  can  readily  be  ob- 
tained. The  naphtha  is  placed  in  an  absorber  and  the  waste  gas 
from  the  compression  plant  passed  through  it.  The  naphtha  is  in- 
creased in  volume  and  a  salable  product  is  obtained,  so  that  the 
practice  is  justified.  Practically  the  same  gases  are  dissolved  in 
the  naphtha  as  accounted  for  the  increased  yield  when  the  authors 
used  naphtha  in  their  tests;  namely,  hydrocarbon  gases  of  lighter 
weight  than  true  gasoline  vapors. 


The  absorption  method  of  extracting  gasoline  from  natural  gas 
consists  in  bringing  the  gas  in  contact  with  an  oil  heavier  than  gaso- 
line, such  as  a  petroleum  distillate  of  about  34^  B.,  to  absorb  the  gaso- 
line from  it,  and  then  separating  the  gasoline  from  the  oil  by  distilla- 
tion. The  oil  is  used  simply  as  a  carrier  of  the  gasoline  from  the 
absorption  tank  to  the  still,  and  may  be  used  over  and  over  again. 

In  plants  using  compression  and  condensation  methods  only  casing- 
head  natural  gas  that  is  comparatively  rich  in  gasoline  vapor — carry- 
ing upward  of  three->f ourths  of  a  gallon  of  gasoline  per  1 ,000  cubic 
feet  of  gas — ^is  treated,  whereas  so-called  ''dry"  natural  gas^  su^as 
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A  promising  field  for  the  absorption  process  lies  in  the  treataieiit 
of  gas  from  oil  wells  produoing  from  a  sand  into  which  air  has  been 
forced  under  pressure  to  increase  the  oil  production.  This  gas,  as  it 
flows  from  the  wells,  can  be  treated  by  the  absorption  process  and 
the  gasoline  it  contains  extracted. 

The  amount  of  poww  required  for  the  operation  of  an  absozption 
plant  will  vary  from  0.018  to  1.443  boiler  horsepower  per  1,000  cubic 
feet  of  gas  treated  per  hour  for  gas  containing  0.0625  to  6  gallons  of 
gasoline  per  1,000  cubic  feet,  and  the  amount  of  water  from  1.46  to 
116.8  galbns  per  1,000  cubic  feet  of  gas. 

The  rate  of  flow  of  the  absorbing  oil  will  vary  from  about  6  to  60 
gallons  per  1 ,000  feet  of  gas  treated  per  24  hours,  for  gas  that  con- 
tains from  1  pint  to  2.5  gallons  of  gasoline  per  1,000  cubic  feet. 

A  successful  use  of  naphtha  as  an  absorbent  for  gasoline  Ues  in 
tibe  absoiption  in  the  naphtha  of  waste  gaaes  from  compression 
plants  treating  casing-head  gasoline. 

S(Mne  tests  were  made  in  which  natural  gas  was  simply  passed  into 
naphtha  with  a  gravity  of  about  55^  B.  When  the  naphtha  had  ab- 
sorbed all  the  gasoline  that  was  desired  it  was  removed  and  fresh 
naphtha  substituted.  The  yield  of  gasoline  was  300  to  500  per  cent 
greater  than  that  by  the  oil  absorption  and  distillation  process.  In 
some  tests  the  naphtha  besides  being  increased  in  volume  owing  to  the 
absorbed  gasoline,  was  raised  in  specific  gravity  to  60^  or  62°  B.  An 
objection  to  the  process  lies  in  the  fact  that  a  large  amount  of  naphtha 
has  to  be  handled — at  least  seren  tanks  of  naphtha  for  each  tank  of 
gasoline  obtainred.  If  the  naphtha  is  permitted  to  absorb  too  much 
gasoline  its  vapor  pressure  is  raised  too  high  for  safe  transportation. 

There  are  possibilities  in  the  application  of  the  absorption  method 
to  casing-head  natural  gas,  nmch.  of  which  is  too  lean  to  be  treated 
by  compression  and  condensation  methods. 
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